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VI  PREFACE. 

any  alteration  therein.  Chapters  VI.  to  XII.  were  revised  b; 
the  Author  himselt  Chapter  XIII.  has  been  re-written  b; 
ma  It  contains  a  new  classification  and  description  of  th 
Trap-rocks.  Chapters  XIV.  and  XV.  were  re-cast,  chiefly  b; 
the  Author. 

A  nQvel  feature  in  this  Edition  is  the  insertion  of  a  ne^ 
Part  on  Dynamical  Geology  (Part  II.) — a  portion  of  tb 
science  which  is  not  usually  treated  fully  in  text-books.  I 
preparing  it  I  have  availed  myself  of  all  the  material  existiii 
in  the  last  edition.  Nearly  the  whole  of  Chapter  XVI. 
thus  derived.  From  that  portion  of  the  book  onward  tl 
materifd  is  chiefly  mine,  the  paragraphs  transferred  from  tl 
previous  edition  being  specially  indicated  in  footnote 
Chapter  XIX.  is  chiefly  from  that  edition.  Mr.  Jukes  left 
manuscript  some  notes  on  Denudation ;  these,  where  thi 
could  be  used,  I  have  inserted  as  quotations. 

Part  III.,  on  Palaeontology,  re-appears  with  little  alteratic 
In  the  revision  of  Part  IV.,  no  portion  of  which  had  be 
touched  by  Mr.  Jukes,  I  have  been  assisted  by  the  valued  a 
of  my  colleagues  of  the  Geological  Survey.  Mr.  W.  H.  Bai 
F.  G.  S.,  has  revised  the  Palaeozoic  fossil-lists.  The  accou 
of  the  Ehaetic  beds  has  been  corrected  by  Mr.  H.  W.  Bristo 
F.RS.,  who  has  likewise  made  some  changes  and  additions 
the  Oolitic,  Cretaceous,  and  Eocene  chapters.  The  descripti 
of  the  English  Coal-measures  has  been  revised  by  Mr.  R  Hi 
F.RS.,  who  has  also  furnished  notes  for  the  improvement  oft 
Permian  and  Trias  chapters.  Mr.  Whitaker  has  looked  oy 
the  Cretaceous  and  older  Tertiary  pages.  The  account  of  t 
Jurassic  and  Cretaceous  rocks  has  been  touched  up  by  1 
Judd.  But  we  have  not  deemed  it  desii'able  to  attempt  m< 
in  this  part  of  the  book  than  to  correct  what  time  h 
shown  to  be  erroneous,  and  to  add  references  to  more  race 
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researches.    The  last  two  chapters,  however,  I  found  it  neces- 
aary  to  re-writa 

Professor  Huxley  has  furnished  a  new  Synopsis  of  the 
.Animal  Kingdom,  which  appears  in  the  Appendix.  The 
Table  of  the  Vegetable  Kingdom  was  prepared  by  the  late 
Dr.  W.  K  Harvey  for  Mr.  Jukes. 

In  the  course  of  the  revision,  it  was  found  that  the 
section  on  the  "Life  of  the  Period,"  appended  to  the 
^  chapters  on  the  various  geological  formations  in  former 
'.  editions,  involved  so  much  repetition  from  the  previously 
:  given  fossil-lists,  and  required  so  much  labour  to  re-cast 
:  tiiem,  that^  after  some  progress  had  been  made  with  tbem,  it 
was  deemed  better  to  omit  them  altogether. 

Great  change  has  been  made  in  the  mode  of  printing 
adopted  for  the  present  edition.  In  the  first  place,  illustra- 
tive detail  has  been  thrown  into  smaller  type ;  and,  in  the 
I  Mineplogical  and  Petrographical  portions  of  the  volume, 
the  specific  descriptions  of  minerals  and  rocks  have  been 
similarly  printed.  At  the  same  time  a  copious  use  has  been 
made  of  bold  type  for  the  division  of  subjects  into  heads^  so 
that  the  student  may  rapidly  and  easily  follow  the  arrange- 
ment adopted. 

I  regard  it  as  one  of  the  essential  features  of  such  a 
Manual  as  the  present,  that  it  shall  give  as  full  and  frequent 
reference  as  possible  to  the  authorities  where  the  subjects 
it  discusses  may  be  found  by  the  student  treated  in  detail. 
Accordingly,  I  have  endeavoured  to  supply  this  feature  ;  and 
I  trust  that  the  copious  footnotes  will  enable  the  student  to 
turn  at  once  to  the  memoirs  on  any  special  subject  which  he 
may  wish  to  investigata 

I  am  well  aware  that  there  cannot  fail  to  be  omissions 
and  inaccuraciasr  In  the  following  pages,  and  I  shall  be  glad 


VUl 


PREFACS. 


to  receive  any  corrections  which  the  reader  may  note.  1 
has  been  a  labour  of  love  to  prepare  this  volume,  not  alon 
on  account  of  the  ties  of  friendship  which  bound  me  to  it 
lamented  Author,  but  because  his  work  has  always  appeaie 
to  me  one  of  the  best  Manuals  in  our  language,  and  one  we 
deserving  of  every  eflfort  to  keep  it  abreast  of  the  onwai 
march  of  science. 

AECH.  GEIKIE. 


October  1871. 
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the  liberality  of  the  pubUsheis  I  have  been  enabled  to 
)  adTantage  of  the  presence  of  Mr.  W.  H.  Bailj  in  Dub- 
who  compiled  for  me  lists  of  characteristic  fossils,  which, 
1  some  modifications,  are  those  given  in  the  third  part  of 
work.  Mr.  Bailj  also  drew  on  the  wood  the  figures 
ch  make  the  fifty  **  fossil  groups "  by  which  that  part  is 
strated.  To  the  names  of  the  fossils  which  are  not 
red  in  them,  I  have  appended  references  to  figures  in 
T  works,  choosing,  where  I  could,  the  most  popular  books, 
1  as  Lyell's  and  Phillips's  Manuals,  and  the  Tabular  View 
Characteristic  British  Fossils  published  by  the  Christian 
»wledge  Society ;  but  where  no  figures  exist  in  such  works» 
.ve  referred  to  more  recondite  sources,  such  as  the  publi- 
)ns  of  the  Pakeontographical  Society,  Sowerby's  Mineral 
Jidoffy,  Sir  R  L  Murchison's  Siluria^  and  others.  Morris's 
doffue  of  British  Fossils  has  necessarily  been  my  chief 
e  in  selecting  these  references  with  respect  to  all  post- 
nan  fossils,  the  catalogue  by  Morris  and  Salter  in  the  last 
on  of  SUvria  taking  its  place  for  those  of  the  previous 
>ds. 

[  am  indebted  to  my  colleague,  Mr.  G.  V.  Du  Koyer,  for 
3  sketches,  and  for  the  drawing  of  some  of  the  diagrams, 
moet  of  the  latter  were  drawn  by  myself  which  will  in 
b  measure  account  for  the  longhness  of  their  execution. 
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This  roughness,  however,  is  not  altogether  undesigned,  sine 
I  wished  to  make  them  just  such  figures  as  a  lecturer  wouL 
draw  on  his  black  board,  and  not  to  lead  the  student  to  be 
lieve,  from  any  care  discernible  in  the  drawings,  that  thej 
were  intended  for  actual  representations  of  existing  objects 
A  diagram  is  merely  a  condensed  explanation  addressed  U 
the  mind  through  the  eye,  instead  of  through  the  ear.  If  i 
is  intelligible,  and  assists  the  verbal  description,  it  answers  it- 
purpose  ;  it  is  a  mistake  to  endeavour  to  convert  it  into  i 
picture,  and  it  is  better  to  avoid  anything  calculated  to  mis 
lead  the  mind  into  the  supposition  that  it  would  have  beer 
one  if  the  draughtsman  could  have  made  it  one. 
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IKTRODUCTORY. 


18  not  easy  to  give  an  accurate  and  comprebensiye  definition  of  the 

of  Geology ;  for  its  nature  is  so  complex  and  various,  that  it 

difficult  in  a  few  words  either  to  specify  its  object  or  to  assign  its 

It  isy  indeed,  not  so  much  one  science,  as  the  application  of  all  the 
ical  sciences  to  the  examination  and  description  of  the  structure  of 
earth,  the  investigation  of  the  agencies  concerned  in  the  production 
that  structure,  and  the  history  of  their  action- 
We  might,  perhaps,  without  impropriety,  say  that  all  the  physical 
^  adences  are  included  under  two  great  heads — namely.  Astronomy  and  Geo- 
lopT ;  the  one  comprehending  all  those  sciences  which  teach  us  the  consti- 
Intion,  the  motions,  the  relative  places,  and  the  mutual  action  of  the  Astra, 
heavenly  bodies  ;  while  the  other  singles  out  for  study  the  one  Astrum 
which  we  live — namely,  the  Earth.     Geology  would,  then,  include 
'aD  the  sciences  which  investigate  the  nature  and  the  distribution  both  of 
.Ike  inorganic  matter  of  our  globe,  and  of  the  living  beings  that  inhabit  it. 
Tbet*  sciences  are — first,  that  of  Chemistry  and  Mineralogy  (which 
be  called  one),  which  teaches  us  what  are  the  elements  of  which 
limestrial  matter  is  composed,  and  what  are  the  laws  which  govern 
|fltt  combinations  of  those  elements  into  all  the  variety  of  known  sub- 
tttnces,  solid,  fluid,  or  gaseous,  and  the  forms,  properties,  and  qualities 
•f  those  substances  ;  secondly,  the  science  of  Meteorology  and  Physical 
Geography  (which  may  also  be  looked  on  as  one),  which  describes  to 
1*  the  form  and  disposition  of  land,  water,  and  air,  and  the  distribution 
•C  the  temperatures  and  motions  that  affect  them  ;  and  thirdly,  that  of 
Kttural  History  (or  Biology,  the  science  of  life),  including  Botany  and 
Zrjfjlogy  in    their  widest    signification.     The   sciences    commonly   in- 
cluded under  the  head  of  Physics,  those  which  teach  us  the  nature  and 
kws  of  magnetism,  electricity,  light,  heat,  force,  and  motion,  would  be 
common  ground  to  Geology  and  Astronomy,  serving  to  bind  together 
•11  human  knowledge  of  matter  and  its  laws  into  one  great  whole. 

In  giving  this  high  place  to  Geology,  I  have  no  desire  unduly  to 
eult  it  at  the  expense  c/  the  other  sciencea.     My  object  is  to  sliow 
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that  this  large  Tiew  of  Geology  is  not  only  a  true,  but  a  necessary  c 
and  that  if  we'  do  not  sometimes  look  at  it  from  this  aspect,  we  cai 
rightly  .understand  what  Geology  is. 

Thai,  it  is  true,  is  shown  by  the  very  fact  of  the  late  appearanc 

Geologj*  in  the  world  of  science.     It  was  not  till  some  very  consi 

able  adyances  had  been  made  in  all  the  physical  sciences,  that  Geo 

could' begin  to  exist  in  any  wortliy  form.     It  was  not  till  the  Che: 

'\rafi  able  to  explain  to  us  the  true  nature  of  the  mineral  8ubstanc< 

• .  wl^ich  rocks  are  composed ;  nor  till  the  Geographer  and  the  Mete 

;'*/^agist  had  explored  the  surface  of  the  earth,  and  taught  us  the  extent 

/  /  -the  form  of  laud  and  water,  and  the  powers  of  w^inds,  currents,  n 

''\  *  glaciers,  earthquakes,  and  volcanoes  ;  nor  till  the  Biologist  had  nai 

described,  and  classified  the 'greater  part  of  existing  animals  and  pli 

and  explained  to  us  the  laws  of  their  distribution ; — that  the  Geok 

could,  with  any  chance  of  arriving  at  sure  and  definite  results,  comm 

bis  researches  into  the  structure  and  composition  of  rocks,  and 

causes  that  produced  them,  or  utilise  his  discoveries  of  the  reniaii 

animals  and  plants  that  are  enclosed  in  them.     He  could  not  till  1 

discriminate  with  certainty  between  igneous  and  aqueous  rocks,  or 

tween  the  remains  of  living  and  of  extinct  animals,  and  was  then 

unable  to  lay  down  any  one  of  the  foundations  on  which  his 

science  was  to  rest. 

Neither  would  it  be  satisfactory  if  we  were  to  limit  the  scieni 
Geology  to  any  special  period  of  the  earth's  history ;  to  assign  to  it,  fo 
stance,  all  time  previous  to  the  existence  of  the  human  race,  and,  un: 
all  the  natural  sciences  under  it  up  to  that  point,  to  consider  it  t 
brought  to  an  end,  or  to  split  up  and  divei^e  into  the  many 
dependent  sciences  that  concern  our  contemporary  existences.  Foi 
only  is  there  no  trace  of  any  hard  geological  boundary  line  betweei 
human  and  the  pre-human  period  of  the  earth's  natural  histoiy ; 
there  appears  in  each  one  of  the  separate  natural  sciences  a  pe 
continuity  from  the  remotest  geological  era  to  the  present  time, 
present  is  but  a  pait  of  the  past.  The  inorganic  objects  we  see  ar 
us  are  the  result  of  processes  going  on  in  past  time,  such  as  are  st 
work  producing  the  same  results  ;  the  living  beings  around  us  are  e 
the  direct  descendants  of  those  that  lived  formerly,  or  their  substi 
and  representatives,  the  living  and  the  extinct  forming  parts  of 
great  connected  series  and  chain  of  species,  genera,  and  orders,  ea 
which  parts  would  be  incomplete  without  the  other.  There  is,  t 
fore,  no  possibility  of  making  any  such  division  in  Geology,  or  as 
ing  any  limit  to  its  range  from  the  earliest  period  of  the  ei 
ascertainable  history  to  the  present  moment. 

Moreover,  as  there  is  no  natural  science  to  which  the  geologis 
Jjot  to  appeal  for  in/onnation  upon  some  poinV.  ox  oX^aet  m\\\&^Kflea] 
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whicH  can  be  fully  and  completely  studied  without  the 
legist,  or  without  including  facts  or  theories  which  are 
rightly  reckoned  parts  of  his  peculiar  intellectual  do- 
is  to  call  upon  the  professors  of  each  one  of  the  physical 
Q,  for  assistance  in  his  own  investigations,  he  is  sure, 
to  repay  the  obligation,  by  the  discovery  of  a  number 
ai^  the  boundaries  of  the  science  he  has  applied  to,  or 
t  of  many  problems,  the  solution  of  which  throws  light 
that  have  been  hitherto  imperfect  and  obscure. 
Dust  not  infer  from  what  has  been  said,  that  in  order 
t,  he  must  be  thoroughly  acquainted  with  the  whole 
'sical  and  natural  sciences.  Such  universal  acquirement 
he  power  to  attain  to,  and  of  these  still  fewer  retain  the 
jpill  to  make  original  advances  in  any  particular  branch, 
wever,  can  be  a  thorough  geologist  without  being  ac- 
le  extent,  with  the  general  results  of  other  sciences,  and 
to  understand  them  wHen  stated  in  plain  untechnical 

0  appreciate  their  application  to  his  own  researches, 
acquaintance  involves  neither  profound    study,   nor 

•at  jwwer  of  mind  above  the  average  of  human  intellect, 
lat  every  well-educated  man  ought  to  possess, 
^aid  with  perfect  truth,  that  the  geologist  is  less  able 
student  of  science  to  pursue  his  investigations  alone, 
tly  of  the  assistance  of  others  ;  but  this  is,  in  fact,  only 
•  words  that  which  I  am  insisting  on — namely,  that 
lighest  and  widest  sense  embraces  all  the  physical  and 
>,  and  is,  as  it  were,  made  up  of  them.  If,  however, 
be  properly  given  to  the  term  Geology,  and  it  be  made 
r  physical  science  that  treats  of  anything  belonging  to 
,  it  may  be  asked,  is  the  special  business  to  which  the 
8  himself  as  distinct  from  the  follower  of  other  sciences  ? 
lich  he  does,  and  the  others  do  not  ?  Above  all,  what 
'i  teaches  to  the  rest  in  return  for  the  knowledge  com- 
m? 

to  these  questions  will  show  us  that  there  is  another 
ricted  sense  of  the  word  Geology  than  the  wide  one  in 
been  using  it.  This  sense  is  rather  the  one  formerly 
?  word  Geognosy,  by  which  we  may  understand  the 
le  nature  and  position  of  the  different  masses  of  mineral 

1  different  districts  are  composed,  without  reference  to 
their  production.  This  was  the  early  meaning  of  the 
or  Geognosy — namely,  the  examination  and  description 
t  varieties  of  rocks  and  the  minerals  they  contained, 
ooked  upon  as  a  geographical  mineralogy.     No    one, 
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indeed,  could  have  anticipated,  from  the  mere  study  of  masses  of  rock, 
where,  to  a  partial  view,  all  seems  confusion  and  irregularitj,  the  won- 
derful order  and  harmony  which  arise  from  more  extended  obsenration, 
and  the  almost  romantic  history  which  becomes  at  length  unfolded  to 
our  perusaL  To  discover  the  records  on  which  this  history  is  founded| 
and  to  understand  their  meaning  aright,  long-continued  and  wide- 
spread observation  in  the  field,  and  patient  comparison  of  the  observed 
facts  in  the  closet,  are  absolutely  necessary. 

The  collection  and  co-ordination  of  these  facts  is  the  proper  and 
peculiar  business  of  the  Geognost.  The  ditch,  the  "  cutting,"  the 
quarry,  and  the  mine,  the  cliff,  the  gully,  the  mountain-side,  and  the 
river-bank,  are  his  '*  »vbject$^  which  he  has  to  examine  and  dissect 
He  must  describe  the  minutisB  of  the  structures  they  expose,  and 
arrange  the  facts  they  may  afford,  depicting  their  lineaments  on  maps 
and  sections,  and  recording  them  in  written  descriptions.  The  businees 
of  the  Qeognost,  then,  is  to  make  out,  from  indications  observed  at  the 
surface  and  in  natural  and  artificial  excavations,  the  internal  structnze, 
the  solid  ^eometn/y  of  district  after  district,  and  country  after  countiy, 
until  the  whole  earth  has  been  explored  and  described.  If,  while  so 
doing,  he  notes  all  those  facts  which  may  enable  him  or  others  to 
explain  how  that  structure  has  been  produced,  he  then  becomes  a 
(Geologist.  '•» 

It  might  at  first  be  thought  that,  in  order  to  make  out  the  solid 
structure  of  the  land,  it  would  only  be  necessary  to  imderstand  thft 
nature  of  the  mineral  matters  of  which  it  is  composed,  and  that  for  this 
purpose  no  knowledge  of  oiganic  or  living  beings  would  be  required. 
It  is,  however,  one  of  the  most  remarkable  results  of  geological  science, 
that  an  acquaintance  with  organic,  and  especially  with  animal  forms,  is 
at  least  as  necessary  for  a  geologist  as  a  knowledge  of  minerals,  and  thai 
a  correct  knowledge  of  organic  remains  (that  is,  portions  of  fossil  plants 
and  animals)  is  in  some  cases  a  more  certain  guide  in  unravelling  tbs 
structure  of  complicated  districts  than  the  widest  acquaintance  with  in- 
organic substances. 

The  cause  of  this  necessity,  puzzling  enough  perhaps  at  first,  may 
be  briefly  stated  as  follows.  When  we  examine  the  structure  of  the 
crust  of  the  globe,  we  find  that  its  several  parts  have  been  produced  in 
succession,  that  it  consists  of  a  regular  series  of  sedimentary  deposits  (all 
called  by  geologists  rocks),  formed  one  after  another  during  successi^ 
periods  of  great  but  unknown  duration.  Now,  the  mineral  substanoee 
produced  during  any  one  of  this  vast  succession  of  ages  do  not  appear 
to  have  had  any  essential  difference  from  those  formed  under  like  cir- 
cumstances at  another.  We  cannot,  therefore,  with  any  certainty  dis- 
cover the  order  of  time  in  which  the  series  of  rocks  was  formed,  or 
the  order  of  superposition  which  they  consequently  preserve,  from  aa 
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their  mineral  character  or  contents  only.  The  animals 
rever,  living  at  one  period  of  the  earth's  history  were 
those  living  now,  and  different  from  those  living  at  other 
e  has  been  a  continuous  succession  of  different  races  of 
•n  the  earth,  following  each  other  in  a  certain  regular 
en  that  order  has  been  ascertained,  it  is  obvious  that  we 
ign  to  its  proper  period  of  production,  and  therefore  to 
i  in  the  series  of  rocks,  any  portion  of  rock  we  may  meet 
^  any  one,  or  even  any  recognisable  fragment  of  one,  of  A 
ig  beings.  Just  as  when  we  find  under  the  foundation- 
icient  building  a  parcel  of  coins  of  any  particular  sove- 
r  that  the  erection  of  that  building  took  place  during  his 
we  find  a  fragment  of  a  known  *^  fossil ''  in  any  piece  of 
ire  that  that  rock  must  have  been  formed  during  the  / 
be  animal  or  plant  of  which  that  fossil  is  a  part  was  I 
lobe,  and  could  not  have  been  formed  either  before  that  / 
into  existence,  or  after  it  became  extinct*  In  cases, 
-e  the  original  order  of  the  rocks  has  been  confused  by 
feturbing  forces,  or  where  the  rocks  themselves  are  only  ex- 
t  wide  intervals,  their  p)eriod8  of  deposition  and  consequent 
uperposition  may  be  more  easily  and  certainly  ascertained 
nation  of  their  fossil  contents  than  by  any  other  method, 
has  been  found  that  while  a  very  slight  acquaintance 
ordinary  forms  of  some  ten  or  a  dozen  of  the  most  fre- 
ing  minerals  is  all  that  a  geologist  must  inevitably  learn 
the  number  of  fossil  animals  and  plants,  with  the  forms 
of  which  he  will  have  to  make  himself  familiar,  will 
be  reckoned  by  hundreds.  This  branch  of  geological 
low  known  under  the  name  of  Palaeontology, 
owever,  the  tendency  of  late  years  has  been  to  neglect  to 
ctent  the  bearing  of  mineralogical  knowledge  on  Geology, 
y  subjects  on  which  we  have  still  to  ask  the  chemist  and 

0  enlighten  us.  One  deficiency  which  is  particularly 
tain  is  the  want  of  a  good  nomenclature  of  rocks,  and 
hat  are  known  as  igneous  rocks.  Since  the  publications 
d  MacuUoch,  few  attempts  have  been  made  in  English  to 
ficiency,  and  to  bring  up  our  lithological  nomenclature  to 
tate  of  chemical  and  mineralogical  knowledge.     Many 

1  the  meanwhile  appeared  in  Germany  and  in  France, 
-ated  the  subject  of  rocks  more  or  less  satisfactorily.  This 
logy,  however,  is  still  in  a  very  unsatisfactory  state. 

e  and  exceptional  cases  in  which  ancient  coins  may  have  been  deposited 
of  a  recent  building,  or  fossils  originally  Id  one  rock  may  htve  been 
ind  buried  in  another,  need  not  more  than  B  pasaiDg  D0tiC6. 
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In  order  to  reduce  the  great  subject  of  (Geology  to  aometliiiig  ! 
order,  it  appears  advisable  to  divide  it  into  four  heads,  for  which 
may  use  the  terms — 1,  Geognosy ;  2,  Geological  Agencies ;  3,  Palseo: 
logy ;  and  4,  Stratigraphy,  or  the  History  of  the  Formation  of  the  St 
of  Stratified  Rocks.  This  will  enable  us  to  describe  separately  tl 
general  feu^ts  which  either  are,  or  may  be,  common  to  the  rocks  oi 
ages,  and  those  general  laws  which  regulated  the  distribution  of  liJ 
all  epochs  of  the  world's  history,  and  leave  us  free  to  give  a  conde 
statement  of  the  fourth  part  without  stopping  to  describe  special  insta 
of  general  facte. 

By  Geognosy  I  would  understand,  then,  the  study  of  rocks  i 
pendently  of  their  arrangement  into  a  chronological  series,  and  1  w 
divide  it  into  two  parts — Lithology  and  Petrology  *  By  Litholog; 
would  mean  the  study  of  the  mineralogical  composition,  the  struc 
the  texture,  and  other  characters  of  rocks,  such  as  could  be  detenu 
in  the  closet  by  the  aid  of  hand  specimens.  By  Petrology  1  w 
designate  the  study  of  rock-masses,  their  planes  of  division,  their  fo 
their  positions  and  mutual  relations,  and  other  characters  that  can 
be  studied  in  "  the  field,"  but  without  entering  on  the  question  o: 
geological  time  of  their  production. 

In  the  second  division  fall  to  be  described  all  those  forces  by  w 
rocks  have  been  and  are  now  formed,  and  by  which  the  surface  of 
earth  is  modified. 

Under  the  head  of  Palaeontology  I  wish  to  give  the  heads  of  se^ 
great  questions  as  to  the  laws  which  have  governed  the  distributio 
life  both  in  space  and  in  time,  as  also  to  indicate  some  of  the  • 
points  in  the  structure  of  the  more  important  extinct  races,  and  i 
relations  to  those  now  living.  I  shall  also  endeavour  to  point  out 
practical  bearings  of  this  subject,  both  scientific  and  economical. 

Having  thus  described,  under  separate  heads,  facts  and  genen 
tions  common  to  the  whole  subject,  as  well  as  structures  and  phenoi 
which  may  recur  during  every  geological  period,  I  shall,  under  the  ! 
of  "  History  of  the  Formation  of  the  Crust  of  the  Globe,"  give  a 
densed  abstract  of  that  history,  in  the  form  of  a  chronological  class 
tion,  mentioning  some  of  the  principal  and  typical  groups  of  i 
known  to  have  been  produced,  and  a  few  of  the  more  common  and 
marked  fossils  which  lived  on  different  parts  of  the  earth  during  eat 
the  known  great  periods  of  its  existence. 

*  I  am,  of  eonrae,  aware  that  these  words  have  no  great  dilTerenoe  of  meaning,  bal 
in  Yain  endeavouring  to  think  of,  or  to  coin,  a  word  that  should  express  what  I  hav 
designated  Petrology,  and  not  feeling  satisfied  with  words  like  Naumann*s  **  Oeotekt 
I  think  it  would  be  simpler  if  geologists  were  to  agree  to  take  "  lithos  "  to  signify  *'  a  s 
that  could  be  handled,  and  *'  petros  "  as  a  mass  of  rock,  than  for  us  to  invent  a  new  t 

t  This  term  is  thus  synonymous  with  PiUrogricpKy,  which  is  the  word  in  use  in  Oer 
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OOMFOBiriON  AND  FORM  OF  M£NEBAL8. 

>LOGTy  or  the  study  of  the  mineral  structure  of  rocks,  is  "based  on 
'IGnenlogy.  For  the  proper  understanding  of  Mineralogy,  some  know- 
li4ge  oi  chemistry  is  essential  This  must  he  gained,  not  only  from 
'fte  itody  of  hooks,  hut  from  practice  in  the  laboratory. 

In  order  to  understand  Lithology,  however,  an  acquaintance  with 
&  whole  science  of  Mineralogy,  though  always  useful,  is  hy  no  means 
Mesaary,  since  the  minerals  which  are  the  essential  constituents  of 
locks  are  very  few  compared  with  the  whole  number  of  minerals. 
Tliere  are  two  methods  of  studying  Mineralogy — one  giving  principal 
ittention  to  the  chemical  composition  of  minerals,  the  other  laying 
aost  stress  on  their  external  and  internal  characters  and  physical  pro- 
perties. 

The  full  details  of  the  science  of  mineralogy  must  be  sought  in  the 
works  specially  devoted  to  that  subject.  But  for  the  guidance  of  the 
geological  student,  a  general  outline  of  the  laws  of  mineralogy,  in  so  far 
M  the  science  bears  upon  his  studies,  is  given  in  the  following  pages. 
Ikis  outline  has  been  prepared  by  Dr.  W.  K.  Sullivan,  and  is  divided 
mlo  three  parts — 1.  The  Laws  of  Composition,  under  which  the  chemical 
sheets  of  mineralogy  are  considered;  2.  The  Laws  of  Form,  under 
which  the  external  and  internal  characters  and  physical  properties  of 
minerals  are  treated  ;  and  3.  The  Composition  and  Properties  of  Rock- 
ioimiug  minerals. 

The  meaning  commonly  given  to  the  word  "  mineral "  is  vague.     It 
18  therefore  necessary  to  define  it  when  used  as  a  scientific  term. 

A  mineral   is  an  inorganic  body,  having  theoretically  a  definite 
eh»Tni<*j^]  composition,  and  usually  a  regular  geometric  fonn. 


8  GEOGNOSY. 

The  chemical  composition  and  the  geometric  form  are  both  pn-.-  . 
duced  and  modified  under  the  influence  of  general  lawa. 

Aw 
1.  Laws  OP  Composition. 

Simple  and  Compound  Bodies, — Bodies  which  can  be  decomposed^: , 
or  resolved  into  two  or  more  bodies  having  different  propertiesy  m.  -- 
called  compound  bodies  ;   those  which  cannot  be  so  decompoaed,  ^\^ 
resolved,  are  called  simple  or  elementary  bodies. 

Sixty-three  simple  bodies  are  known  at  present  to  enter  into  te 
composition  of  the  earth.     Many  of  them  have  been  shown  to  eziflt  lA    . 
the  sun,  and  with  great  probability  in  the  stars  and  nebulao.     It  is  piD*  -^ 
bable  that  the  heavenly  bodies  contain  many  other  simple  bodies  asl  ^ ' 
yet  found  in  the  earth,  or  which  do  not  exist  in  it 

Combination  is  not  a  mere  mingling  of  two  or  more  bodies  prodob^'  >. .! 
ing  a  mixture  whose  properties  partake  of  those  of  its  constituents,  bofc  a  - 
union  yielding  a  new  body  more  or  less  different  from  either  of  ill 
constituents,  and  the  formation  of  which  is  always  attended  with  tiiB 
production  of  heat,  and  light  or  electricity. 

Chemical  Affinity. — TTie  special  kind  of  power  or  force  which  ii 
manifested  in  chemical  changes,  and  which  is  considered  to  bring  tin  .  ^ 
constituents  of  a  compound  together,  is  designated  chemical  affinitj;  ' 
When  two  substances  unite  together  with  great  energy,  and  giyeeiff;/ 
great  heat,  or  heat  and  light,  they  are  said  to  have  great  afiSni^  fiot'  J 
each  other.  Bodies  which  diflfer  very  much  from  each  other  in  their 
chemical  properties  have  the  greatest  affinity ;  those  which  resemble  J 
each  other  may  combine,  but  the  force  which  binds  them  together  Is  ^^ 
small,  and  the  compound  when  formed  is  not  stable. 

A  great  many  of  the  simple  bodies  possess  certain  properties  is 
common,  such  as  the  power  of  conducting  heat  and  electricity,  and  thsl    ' 
kind  of  lustre  which  we  find  in  a  marked  degree  in  gold,  silver,  copper,  ^. 
and  other  conmion  metals.     Hence  these  bodies  are  called  metids  or 
metallic  bodies.     Those  which  have  not  those  properties  are  called  noQ-'    ^ 
metallic  bodies.     The  metals  form  very  feeble  compounds  with  each 

*  For  detailed  information  on  general  mineralogy  the  student  may  refer  to  the  Mannall 
of  Dana,  Brooke  and  Miller,  Nicol,  Phillips,  Naumann,  etc.  Bristow's  Glossary  q/*  Jf iM-  ' 
rologji  is  a  nsefttl  little  book.  For  British  minerals  the  Manual  of  Greg  and  Lettsotn  ahoiild  ' 
be  consalted.  Chemical  mineralogy  is  treated  of  in  Gmelin's  Handbook,  translated  by  tlM 
Cavendish  Society ;  see  also  BischofTs  Chemical  Geology.  Blowpipe  analysis  Lb  best  described 
in  Plattner's  Probirkunst  mii  dem  Ldthrohre,  4th  edit.  1865 ;  and  in  F.  von  Kobell's  Ttn^On, 
8th  edit.  18M.  Much  useful  information  regarding  the  minerals  which  form  essential  or 
important  ingredients  in  rocks  will  be  found  in  Zirkel's  Lehrbueh  der  PetroffraphU,  1866 ; 
Senft's  CUusyUxttion  der  FeltarUn,  1857,  also  his  Krygtalliniachen  FelsgemengthtiU,  1868 ; 
Naumann's  Lehrbuck  der  GtognoHe,  voL  1. ;  Cotta's  GesteiruUkre,  translated  into  iewc»«>»i  bj 
P.  H.  Laurence,  1866. 
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lUier,  80  feeble  that  ihej  are  almost  like  mixtures.  Such  compounds 
Be  tenned  alloys.  When  one  of  the  metals  is  mercury,  they  are  called 
■nlgams  The  non-metaUic  bodies  combine  with  great  energy,  both 
■ith  the  metals  and  with  one  another.  The  compounds  formed  by  the 
HB-metallic  bodies  with  one  another  give  rise  to  the  class  of  substances 
m  term  adds  ;  the  umon  of  some  non-metallic  bodies  with  metals  gives 
te  to  a  class  of  compounds  called  bases.  Among  the  non-metallic 
bodiea  chlorine  exhibits  the  greatest  amount  of  active  energy,  hence 
ht  non-metallic  bodies  are  sometimes  called  chlorous  bodies,  and  the 
Ktals  basylous. 

Atoms, — ^The  smallest  indivisible  quantity  of  a  simple  body  which 
:ia  act  in  a  chemical  change  is  called  an  atom  (SirofUf).  The  atomic 
feoiy  supposes  that  there  is  a  limit  to  the  possible  division  of  matter 
—that  is,  that  the  matter  of  the  universe  is  constituted  of  exceedingly 
■all  particles,  impenetrable  and  indivisible,  of  the  same  size  but  of 
Blferent  weights.  The  term  may  be,  and  now  indeed  is,  used  generally, 
vithoat  any  reference  to  the  atomic  theory,  and  in  a  mere  abstract 


Molecules. — ^The  smallest  particle  of  a  simple  body  that  can  exist 
iK>laU^  or  in  a  free  state,  is  called  its  molecule.  The  molecules  of  the 
lonple  bodies  are  generally  formed  of  two  atoms  ;  a  few  contain  four 
itoma,  or  more.  In  some  cases  the  molecule  appears  to  be  indivisible, 
K)  that  we  may  consider  the  atom  and  molecule  to  be  identical.  An 
dement  may  have  two  or  even  more  distinct  molecules,  eg,  oxygen 
md  sulphur.  In  such  cases  the  properties  of  the  body  change 
when  the  molecules  are  diflferent.  The  term  allotropism  is  given 
to  this  phenomenon,  and  will  be  specially  noticed  in  connection 
with  the  laws  of  form.  The  molecule  of  a  compound  is  the  smallest 
particle  which  can  exist  isolated,  without  decomposition  into  its  con- 
Rituents. 

Radicles. — ^Two  or  more  atoms  combined  together  are  capable  of 
performing  the  functions  of  simple  bodies.  Such  groups  of  atoms  are 
called  compound  radicles — the  term  simple  radicle  being  applied 
to  simple  bodies.  Compound  radicles  may  be  best  described  as  groups 
of  atoms  which  remain  together  through  a  series  of  chemical  transforma- 
ticrns.  We  may  assimae  a  compound  radicle  to  exist  in  a  series  of  bodies, 
•khough  the  radicle  may  be  incapable  of  forming  a  free  molecule — that 
k,  of  existing  in  an  isolated  state.  The  word  atom  is  also  applied 
to  radicles.  Radicle  comes  from  radicula,  a  diminutive  of  radix;  the 
name  therefore  implies  that  it  is  the  nucleus  or  root  of  a  series  of 
cumpounds. 

Mmtion  of  Chemistry.^  AM  changes  which  affect  only  the  motions, 
distances,  or  positions  of  the  molecules  of  a  body  towards  each  other, 
liar  be  described  as  physical,  such  as  the  expansion  and  fuBion  of 
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bodies  by  beat,  tbe  magnetising  of  iron,  etc     All  changes  which 
the  atomic  conBtitutions  of  bodies  are  chemicaL 

Chemical  Changes. — The  chemical  changes  which  take  place  in  bodkl. 
may  be  conveniently  classed  in  three  categories : — 

L  Those  affecting  the  molecules  of  simple  bodies,  or  allotniffe 
changes.  * 

1.  Re-arrangement  of  the  atoms  of  two  or  more  molecules  of  8iiii|lt 
bodies  into  more  condensed  molecules,  such  as  the  union  of  three  Vk^ 
atomed  molecules  of  sulphur  to  form  one  six-atomed  molecule. 

2.  The  converse  of  the  preceding,  or  the  resolution  of  oondemdl 
molecules  into  simpler  ones. 

3.  A  molecule  may  also  be  altered,  without  any  change  in  the 
number  of  atoms,  by  a  mere  modification  of  position  of  the  atoms  wilibil 
the  molecule. 

XL  Changes  produced  by  heat,  etc.,  on  the  molecules  of  compoond 
bodies. 

1.  The  re-arrangement  of  the  atoms  of  a  compound  body  so  « tl 
change  the  nature  of  the  compound  rat^licles,  as  in  the  conversion  ol 
cyanate  of  ammonium  into  urea ;  or  merely  to  produce  more  condenaei 
molecules,  such  as  the  action  of  heat  upon  chromic  oxide,  etc. 

2.  The  union  of  two  or  more  molecules  of  a  body  to  produce  I 
more  condensed  or  complex  molecule,  with  the  separation  of  one  oi 
more  simpler  molecules,  such  as  the  union  of  two  or  more  molecules  d 
silicic  acid  to  form  a  condensed  acid,  and  the  separation  of  molecules  d 
water. 

3.  By  the  resolution  of  the  molecules  of  a  compound  body  int< 
new  molecules  of  different  kinds,  such  as  the  conversion  of  wood  inU 
coal,  gas,  petroleum,  etc 

III.  Action  of  different  kinds  of  molecules  upon  each  other,  or  ordi 
nary  chemical  changes. 

1.  The  direct  union  of  two  or  more  different  molecules,  such  as  th^ 
combination  of  water  with  minerals  to  form  hydrated  minerals. 

2.  The  replacement  in  a  compound  molecule  of  one  or  more  simpli 
or  compound  atoms  by  one  or  more  simple  or  compound  atoms  of  i 
different  kind,  or  what  is  called  double  decomposition,  such  as  th 
action  of  acids  upon  bases,  or  of  salts  upon  one  another.  The  greatea 
number  of  chemical  changes  occurring  in  minerals  belong  to  thi 
cat^ory. 

Proportional  Numbers  or  Atomic  Weights, — The  smallest  relativ 
proportion  by  weight  of  a  simple  body,  compared  with  a  unit  weight  c 
hydrogen,  which  can  take  part  in  any  chemical  reaction,  is  called  it 
proportional  number  ;  and  as  the  smallest  abstract  particles  which  ar 
supposed  to  act  in  chemical  changes  are  called  atoms,  these  numben 
or,  in  some  cases,  simple  multiples  of  them,  are  properly  designate 
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^hts,  or  tlie  lelatiTe  weights  of  the  atoms,  compared  with 

atom  of  hydrogen  taken  as  unity.  These  numbers  also 
with   few   exceptions:    1.   The  relative  weights   of  equal 

the  gas  or  vapour,  of  such  of  them  as  either  naturally 
iSy  or  may  be  converted  into  gases,  compared,  at  eqiml  tem- 
nd  under  equal  pressures,  with  a  unit  weight  of  hydrogen 
conditions.     2.  And  quantities  of  those  simple  bodies  ^t 

solid  state,  which  contain  as  much  heat  as  seven  parts  of 
ithium.  As  seven  is  the  atomic  weight  of  lithium,  it  fol- 
e  atoms  of  all  the  simple  bodies  that  occur  in  the  solid 
ie  same  specific  heat 

[uic  weight  of  the  atom  of  a  compound  radicle  is  equal  to 
:he  weights  of  its  constituent  atoms. 

:r  Weight — ^The  relative  weight  of  any  molecule,  compared 
rdrogen,  is  called  its  molecular  weight,  and  is  always  equal 
>f  the  atomic  weights  of  its  constituent  atoms.  With  very 
ns,  if  indeed  there  be  any  real  ones,  the  volumes  of  all 

the  state  of  gas,  at  the  same  temperature  and  under  equal 
e  equaL 

lUnce  of  Simple  Bodies. — ^The  atomic  weights  do  not  always 
e  relative  quantities  which  perform  the  same  work  or  func- 
S  the  atoms  of  the  elementary  bodies  have  not  equal  value 
il  reaction ;  that  is,  they  are  not  equivalent  to  each  other, 
ra  of  sodium  is  equivalent  to  one  of  hydrogen,  but  one  of 
twice  the  value  of  either.  It  is  found,  however,  that  if  the 
rogen  be  taken  as  the  standard  of  equivalent  value,  that  of 
jther  simple  bodies  is  either  equal  to  that  of  hydrogen,  or  a 
pie  of  it — as  twice,  three  times,  etc.  To  express  this  differ- 
i valency,  hydrogen,  and  the  bodies  which  are  equal  to  it  in 
,  are  termed  monads ;  those  whose  atoms  possess  the  value  of 
:tc,  of  hydrogen,  diads,  triads,  tetrads,  pentads,  hexads.  If 
1  reaction  a  diad  body  takes  the  place  of  a  monad,  one  diad 
ces  two  monad  atoms  ;  in  the  same  way  two  triad  atoms 
ce  of  three  diad  atoms,  of  six  monad  atoms,  or  of  one  hexad 

term  atomicity  is  sometimes  employed  to  express  this 
toms,  and  monads  are  called  monatoniic  bodies ;  diads,  dia- 

the  word  })olyatomic  being  used  as  a  general  term  for  all 
city  is  greater  than  one.  The  words  monatomic,  diatomic, 
vever,  also  used  to  express  the  number  of  atoms  in  a  mole- 
le  molecule  of  mercury  is  said  to  be  monatomic,  of  hydrogen 

ozone  or  allotropic  oxygen  triatomic,  and  so  on.  As  this 
>f  the  same  word  leads  to  confusion,  it  is  desirable  to  con- 
nl  atomic  to  the  second  and  more  correct  use  of  it  The 
iency  is  however  0)30  open  to  objection,  because  bodies  can. 
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only  be  said  to  be  equivalent  when  they  are  of  equal  value.    To  obviate 
this  objection,  it  has  been  proposed  to  coin  the  word  quantivalenee  fif^ 
the  general  quality,  and  express  the  special  powers  of  monads  by 
valence,  of  diads  by  divalence,  etc     An  atom  of  a  monad  is  tli^ 
said  to  be  monivalent ;  that  of  a  diad,  divalent,  etc    This  noi 
if  generally  adopted,  would  be  satisfactory.     The  atoms  of 
radicles  are  also  spoken  of  as  monads,  diads,  etc 

NotcUum,  SymboUj  FormtUa:,  EqriatwM, — ^Instead  of  writing  on^ 
names  of  simple  bodies  in  full,  it  is  very  convenient  to  represent  I 
by  symbols.     These  symbols  are  the  initial  letters  of  their  Latin  i 
When  two  or  more  bodies  have  the  same  initial  letter  in  their 
the  more  important  body  has  the  initial  letter  only  as  symbol, 
others  take  the  second  letter  in  addition  to  the  initial  letter.    If 
the  simple  bodies  having  the  same  initial  letter  there  be  a  non-i 
^^7>  1^  %^^  ^^  distinction  of  the  single  letter.     If  there  be  more 
one  non-metallic  body,  or  if  they  are  all  metals,  then  the  body 
known,  or  which  is  most  abundant  in  nature,  gets  the  single  leHer: 
symboL     Thus  oxygen  and  osmium  are  the  only  substances  haviig^ 
as  the  initial  letter  of  their  name.     The  symbol  of  the  non-i 
oxygen  is  therefore  0,  and  that  of  osmium  Os.     Again,  S  is  the  ii 
letter  of  sulphur,  selenium,  silicon,  three  non-metallic  elements;  aadi 
Btrontiiui,  tin  (stannum),  and  antimony  (stibium),  three  metals.  Sul] 
ii  accordingly  represented  by  S ;  all  the  others  by  a  second  letter, 
the  names  of  tin  and  antimony  the  two  first  letters  are  the  same,  aad  ^^ 
tin  is  the  longest  known  its  symbol  is  St,  while  antimony  takes  Sb.      ^ 

Symbols  always  denote  atoms,  and  consequently  definite  propmliuljS^ 
by  weight  of  the  bodies  they  represent.     Thus  0  represents  16  parti  rf; 
oxygen,  and  Si  28  parts  of  silicon.  \ 

Compound  bodies  are  represented  by  putting  the  symbols  of  tiM'x 
constituent  atoms  in  juxtaposition.     Such  groups  of  symbols  are  calkA  t^ 
formulas.     Thus  common  salt  is  represented  by  the  formula  NaCL    A  \_ 
symbol  always  represents  an  atom,  a  formula  a  molecule,  except  in  ihe  -^ 
case  of  compound  radicles.     There  is  now,  however,  a  tendency  to  '.' 
represent  the  more  important  compound  radicles  by  special  symbol^   ' 
and  allow  of  the  rule  being  made  general  that  formulss  represent  moUp    ; 
cules.     The  molecules  of  compounds  frequently  contain  more  than  OM 
atom  of  one  or  more  of  the  constituent  elements  ;  this  is  expressed  \ff 
putting  a  coefficient  indicating  the  number  of  atoms  after  the  symbol 
or  symbols.     Thus  fluor-spar,  pyrites,  magnetite,  and  calcite,  are  repie- 
sented  by  the  following  formulas  :  CaF^  FeS„  Fet04,  CaCO,. 

As  the  quantivalenee  of  atoms  governs  all  their  reactions,  and  the 
character  of  the  compounds  which  they  form,  it  is  very  useful  to  indi- 
cate its  value  in  the  case  of  the  different  kinds  of  atoms.  This  is  done 
by  putting  accents  above,  to  the  right  hand  of  the  symbol ;  thus,  Ni'i 
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'f'\  indicate  that  sodium  is  a  monad,  calcium  a  diad,  boron 

silicon  a  tetrad  body.  In  order  to  aToid  the  difficulty 
ye  would  experience  in  determining  a  great  number  of 
[oantivalence  of  tetrad  and  higher  bodies  is  usuaUj  indicated 
amerals,  thus :  Si*%  P^. 

t  and  higher  atoms  need  not  necessarily  act  with  their  full 
s.  Thus  a  trivalent  atom  can  act  as  a  monad,  a  pentivalent 
:t  as  a  trivalent  and  as  a  monivalent  atom.  A  hexad 
t  as  a  tetrad  and  as  a  diad  atom.  The  rule  being  that 
bodies  whose  quantivalence  is  odd,  always  act  as  peris- 
liads,  or  bodies  whose  quantivalence  is  even,  as  artiads. 
en  an  atom  exhibits  several  degrees  of  quantivalence, 
differ  by  two  or  four.  Thus  gold  is  trivalent  as  Au'"'Cl„ 
loride  or  terchloride  of  gold,  but  it  is  monivalent  in  AuCl, 
[oride  or  protochloride  of  gold.     Dr.  Franldand  uses  the 

express  the  power  of  combination  of  an  atom.  A  monad 
,  a  diad  two,  and  so  on,  an  atom  having  as  many  bonds  as 
nti valence.  In  compound  bodies  the  atoms  are  held  together 
1  action  of  these  bonds.     A  pair  or  two  pairs  of  bonds  in 

mutually  neutralise  each  other  ;  they  are  then  said  to  be 
nds  that  act  in  combinations  are  said  to  be  active.     Thus 

of  iron  may  have  two  pairs  of  its  bonds  latent  and  two 
lis  case  it  acts  as  a  diad.  According  to  this  view,  in  the 
ie,  Au'Cl  above  mentioned,  two  of  the  bonds  of  the  gold 
*fy  each  other.     When  all  the  bonds  of  an  atom  are  actively 

other  atoms,  it  is  said  to  be  saturated,  and  can  form  no 
und.  When  only  some  of  the  bonds  are  active,  the  atom  is 
,  and  is  capable  of  entering  into  further  combinations.     In 

every  molecule  all  the  bonds  are  satisfied  either  by  dif- 
or  by  mutual  neutralisation.  The  stability  of  a  molecule 
I  the  conditions  under  which  the  equilibrium  of  its  atoms 

18  of  a  polivalent  body  may  combine  with  each  other  to 
)und  atom,  which  acts  exactly  like  a  simple  atom  in  com- 
'opper,  although  included  among  hexad  bodies  in  the  list 
dies  at  p.  18,  in  order  not  to  separate  it  from  the  bodies 
t  is  most  related,  acts  as  a  diad  body  in  the  most  im- 

of  compounds  which  it  fonns.  But  it  also  forms  another 
si-monad  compounds,  in  which  two  atoms  of  copper  are 
e  united  together  by  two  bonds,  leaving  the  remaining  two 
ith  other  atoms.     In  this  way  we  get  two  oxides  of  copper, 

oxide,  and  Cu,0,  cuprous  oxide  or  sub-oxide  of  copper, 
h  the  metal  in  the  two  states,  the  term  Cuprum  is  given  to 

the  cupric  compounds,  and  Caprosum  to  the  metal  in  til^ 
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cuprous  compounds.      The  following  graphic  formulae  will  lender  w^ 
constitution  of  this  class  of  bodies  more  intelligible : — 

(cu)~(cu^      (ciT)  —  (cT)      (cu)~(oj       (cu) (Ctt) 

T    T    ^  ^ 

W 

Molecule  of  Double  atom  Molecule  of  Moleenle  of 

Cuprum.  of  Copper,  or  Cnpric  Oxide,  Cuproos  Oxidei 

Cuprosum.  or  MelAconite.  or  Bed  Copper. 

Those  who  consider  aluminium  to  be  a  tetrad  assume  that  there  ii  A 
similar  hexadic  double  atom  in  all  aluminic  compounds,  so  that  eiflk 
atom  acts  as  a  quasi-triad  atom.  In  the  ferric  salts  of  iron  we  alM 
assume  the  existence  of  a  similar  double  atom.  As  the  compound!  of 
aluminium  and  iron  are  of  the  greatest  importance  in  Qeology,  ifc  !i 
desirable  to  explain  the  usually  assumed  constitution  of  the  aluminic  ail 
ferric  compounds.  Iron  is  included  among  the  hexads  on  account  d 
one  or  two  unimportant  compounds.  Its  principal  compounds  belong  Is 
two  series,  one  in  which  the  metal  is  a  diad  :  to  this  series  belong  tin 
green  salts  of  iron,  such  as  ferrous  silicates,  which  give,  with  few  exeep 
tions,  the  various  shades  of  green  and  black  to  mineral  silicatea  Tl 
the  other  belong  the  red  salts  of  iron,  such  as  the  silicates  which  coloa 
rocks  red.  In  these  red  salts  the  iron  is  supposed  to  consist  of  tut 
tetrad  atoms  rivetted  together  so  as  to  form  a  double  hexad  aton 
each  single  atom  acting  as  a  quasi-triad  atom.  As  in  the  case  of  tfai 
two  series  of  copper  compounds,  the  metal  in  the  green  salts  is  sometime 
called  Ferrosum,  and  that  in  the  red  salts,  Ferricum.  Some  chemist 
look  upon  aluminium  as  a  triad  metal,  an  opinion  which  is  sup 
ported  by  the  composition  of  certain  artificial  aluminic  compounds.  I 
aluminium  be  a  triad,  it  is  difficult  to  see  why  nearly  all  its  compound 
should  be  so  like  ferric  and  chromic  compoimds,  which  are  certainly  nc 
triads.  Some  again  look  upon  aluminium  as  a  hexad,  with  an  atomi 
weight  of  55,  or  double  that  given  in  the  table.  This  is  not  the  plac 
to  discuss  the  relative  merits  of  these  different  views,  because,  whethc 
aluminium  be  a  triad,  a  tetrad,  or  a  hexad,  the  least  indivisible  quantit 
of  that  metal  which  appears  to  exist  in  mineral  molecules,  appears  to  l 
55,  which  may  be  represented  as  AV",  made  up  of  two  triad  atoms,  c 
of  two  tetrad  atoms  rivetted  together,  with  the  loss  of  one-fourth  of  the: 
quantivalence,  or  as  a  single  indivisible  hexad  atom,  represented  by  tli 
symbol  All**.  The  analogy  between  aluminic  and  chromic  and  ferri 
compounds,  speaks  very  strongly  in  favour  of  the  tetrad  character  < 
aluminium.    The  following  graphic  formula,  taken  from  Dr.  Frankland 
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it  is  then  only  that  we  can  have  an  accurate  notion  of  the  changil 
which  take  place  in  the  reaction.  j 

Every  formula  expresees  :  1.  The  nature  of  the  atoms  forming  fli 
molecule  ;  2.  The  relative  proportion  of  the  constituent  bodies  or  ladldflii 
but  to  fully  deserve  the  name  of  a  formula,  it  should  also  express  ttii 
actual  number  of  atoms  in  the  molecule,  or,  to  speak  more  correctly,  tin 
relative  number  compared  to  the  molecule  of  water  or  of  hydrogen.  B 
is,  indeed,  only  when  we  know  this,  that  a  formula  can  be  stid  l| 
really  represent  a  molecule  of  a  body.  The  molecular  formuln  of  i 
great  many  volatile  bodies  of  definite  composition  have  been  detemuBfil 
As  all  molecules  in  the  gaseous  state  occupy  the  same  space,  and  as  m 
molecule  of  hydrogen  is  assumed  to  occupy  two  volumes,  we  have 
to  determine  the  weight  of  two  volumes  of  the  vapour  of  the 
whose  formula  we  seek,  as  compared  to  two  of  hydrogen  under 
same  circumstances  as  to  temperature  and  pressure,  in  order  to  get 
molecular  weight,  that  is  the  sum  of  the  weights  of  all  the  atoms  in 
molecule.  When  a  body  is  not  volatile,  we  can  only  determine 
formula — that  is,  the  molecule — by  analogy  with  other  bodies  of  antkh 
gous  composition  which  are  volatile.  The  formulee  of  many  mineanlH 
especially  of  the  Silicates,  express  only  the  ratio  of  the  number  of  div. 
ferent  kinds  of  atoms  to  each  other,  but  give  us  often  no  clue  aa  to  tti 
constitution  of  the  molecule.  Thus  the  mineral  Hornblende  is  oftoi 
represented  by  the  extremely  simple  formula  M^O.SiO,,  in  which  ^ 
represents  an  atom  of  a  diad  metal ;  but  as  hornblende  always  ow 
tains  at  least  two  diad  metals,  calcium  and  magnesium,  the  simple^ 
formula  it  could  possibly  have  would  be  CaO.Mg0.2SiOs,  that  is,  tin 
double  of  the  first.  But  even  this  formula  could  only  be  true  if  tlM 
ratio  of  the  two  metals  in  the  mineral  was  the  same  as  that  of  thflii 
respective  atomic  weights  ;  or,  in  other  words,  if  an  atom  of  eadl 
were  present.  This  is,  however,  never  the  case  ;  and,  besides,  moil 
hornblendes  contain  diad  iron,  so  that  the  ratio  of  the  metals  couU 
only  be  satisfied  by  a  very  large  number  of  atoms  of  each.  Thus,  in  a 
crystalline  specimen  analysed,  the  simplest  formula  which  could  expresi 
the  ratio  of  calcium,  magnesium  and  iron,  and  other  substances,  WM 
found  to  be  47MgO.SiO„  20CaO.SiO„  3FeO.SiO„  or  in  all  seventj 
metallic  atoms.  The  usual  way  to  describe  such  a  mineral  is  to  assume 
the  simplest  formula,  as  for  example,  M"0.Si02,  and  say  M"  repre- 
sents variable  proportions  of  calcium,  magnesium,  iron,  etc. ;  but  as  M" 
represents  an  indivisible  atom,  and  as  the  least  quantity  of  any  bodji 
which  could  replace  another  is  an  atom,  it  is  quite  clear  that  the  true 
formula  is  a  multiple  of  the  simple  one.  The  following  table  contains 
the  names  of  all  the  terrestrial  simple  bodies  now  known,  classified  ac- 
cording to  their  quantivalence  or  atomicity,  with  their  atomic  weights 
and  symbols : — 
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Pentads. 

j5     Non-Metallic  Bodies — 
S 

g  Atoanle  Waig hta.    Symbols 

47.  Nitrogen.  14     .  N 

sn  P 


S 


,48.  Phoiphortui 


Metals — 

^49.  Arsenic    . 
60.  Antimony 


►mean  76 


B^ 


61.  Bismuth  . 


I 


62.  y&nadiom 


63.  Niobiam  . 
^64.  TanUlum 


75 
122 


210     . 

61-87 

M     . 
182     . 


As 
8b 

Bi 

V 

Nb 
Ta 


*  The  principal  compounds  of  copper  be- 
long to  a  diul  series.  Strictly  speaking, 
there  is  no  known  hexad  compound  of 
copper.    A  lai^  number  of  the  most  im- 


Hexads. 

^     Metals. 

a 

o  ^66.  Chromium 
Q  <  56.  Molybdenum 
«  (67.  Tungsten 

i 


Atomic  Weights. 

52-2  . 

96      . 
.       184      . 


a  fbS.  Magnanese 
a    69.  Iron 
S<eO.  Cobalt     . 
S     61.  Nickel     . 
§  1,62.  Copi>er*. 


63.  Uranium  t 


55 
56 
58-8 
68-8 
63  4 


120 


portant  compounds  of  the  iron  meta' 
also  to  a  diad  series. 

t  Uranium  is  doubtful — it  forms 
triad  series,  U^Os  corresponding  to  ! 


Chemioal  Nomenclature. — The  names  of  chemical  compound 
been  framed  upon  the  principle  that  the  name  of  each  body  shou 
only  individualise  it,  but  as  far  as  possible  express  also  its  compc 
constitution,  and  relationships, — tell,  in  fact,  its  whole  chemical  h 
It  is  not  desirable  that  the  whole  nomenclature  of  a  science  shoi 
frequently  changed  ;  yet,  as  the  scientific  names  express  the  thee 
views  of  their  framers,  an  occasional  partial  or  even  total  chan 
comes  an  unavoidable  necessity.  New  compounds  are  also 
continually  discovered,  whose  constitution  cannot  be  well  explaii 
existing  theories,  and  for  which  new  names  must  be  framed  wh 
not  always  fit  into  the  existing  nomenclature.  Chemical  noment 
must,  therefore,  be  always  undergoing  modification.  The  c 
which  are  made  in  chemical  nomenclature  are  rarely  adopted  a 
in  those  branches  of  science  which  depend  upon  chemistry,  si 
mineralogy.  Within  the  last  few  years,  however,  the  progi 
chemistry  has  been  so  great,  and  the  consequent  change  in  ch 
language  so  fundamental,  that  it  has  become  absolutely  necesi 
bring  the  chemical  part  of  mineralogy  into  harmony  with  the  ] 
state  of  chemistry. 

The  names  of  the  chemical  elements  are  trivial — that  is,  tl 
not  intended  to  express  any  chemical  function  or  quality. 

When  two  simple  bodies,  or, two  radicles,  simple  or  com 
combine  ^dth  each  other,  the  name  of  the  compound  body  is  j 
of  two  parts,  an  adjective  and  a  noun.  The  noun  is  made  in  th 
way  as  the  ordinary  words  of  the  language,  of  a  root-word 
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The  root  consists  of  the  essential  part  of  the  name  of  the  most 
f  lUoroas  of  the  two  radicles,  and  the  suffix  is  the  syllable  -icfe,  having 

^ly  the  same  meaning  as  the  original  1gng1i«h  saffix,  -I7.      This 

is  from  iidogy  likeness.     The  compounds  formed  by  the  union 
any  given  chlorous  ladide  with  all  other  less  chlorous  radicles  form 
bnily,  having  the  same  substantive  as  part  of  their  name.     Thus 
I 'tike  compounds  of — 

Oxygon  are  called  ox-ides. 
Chlorine       „        chlor-ides. 
Solplmr       „        tnlplbides. 

The   elements  oxygen,  chlorine,  etCw,  wero  at  one  time  called 

in   of  combustion — that  is,  they  were  supposed  not  to   be 

tible  themselves,  but  capable  of  forming  atmospheres  in  which 

combustible  bodies  could  bum,  the  latter  in  turn  being  supposed 

be  incapable  of  forming  such  atmospheres.     To  distinguish  the 

of  the  two  classes,  a  suffix  was  used  in  the  names  of  the 

r,  indicative  of  their  combustible  character — viz.  -ttret,  from  the 

verb  unk     Thus,  the  compounds  of  sulphur,  instead  of  being 

sulphu/ef,  were  called  sal^h-urets.     Although  this  distinction  is 

known    to   have   been   founded  upon   a   misconception   of   the 

lenon  of  combustion,  and  that  we  can  bum  oxygen  in  hydrogen, 

well  as  the  converse,  the  term  sulphuret  has  been  so  long  used, 

ly   in  mineralogy,  that   it   is   likely  to  remain   in  use  as  a 

ion  or  trivial  term  for  several  bodies. 

The  adjective,  of  which   mention  was   made    above,  is  used  to 

iguish  the  members  of  the  same  family.     It  is  also  formed  of  a 

•word,  consisting  of  the  essential  part,  generally,  of  the  Latin  name 

the  basylous  elements,  and  the  adjectival  suffix  -tc,  thus — 

Sodium  and  chlorine  form  sodtc  cbloride. 

Copper  and  oxygen      „    cuprtc  oxide. 

Lead  and  snlphnr        „    plombic  snlphuie  or  snlphune^ 

As  polivalent  elements  can  form  compounds  in  which  some  of 
[ha  quantivalence  is  latent,  the  same  basylous  elements  may  form 
[•venl  chlorides,  oxides,  etc.  Thus,  there  are  two  chlorides  of  iron, 
}Wo  oxides  of  copper,  etc.     To  distinguish  those,  the  name  of  the  one 

k  which  the  greatest  number  of  bonds  are  active  terminates  in  -ic,  and 

Afe  other  in  -<ms,  thus — 


Ferric  chloride. 
FenroMt  chloride. 


Caprte  oxide. 
Caprouf  oxide. 


In  many  cases  it  is  necessary  to  further  distinguish  compounds 
h  pefixes  fonned  from  the  Oieek  numeral  a^JectiveSy  so   as   to 
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indicate  the  number  of  atoms  of  one  or  both  elements  in  the  em 
pounds,  thus — 

Iron  Pyrites,  Fe*^',  is  Ferric  cfi^ulpliide. 

Magnetite,  )  Fet04  is  Triferric  tetroxide. 

or  >      or 

Magnetic  iron  ore  )  Fe"  Te^^O^  or  Ferrous  diferric  tetroxide. 

Braunite    •    .    .     Mn^Oi  is  dimaDganic  triozide. 

Acids, — An  acid  originally  meant  any  body  having  a  sour  taste,  ai 
which  made  certain  blue  colours  red.  A  body  could  only  possess  the 
properties  when  soluble.  Chemists  have,  however,  extended  the  tei 
to  many  other  substances  which  are  insoluble,  or  which,  if  sufficient 
soluble,  exhibit  those  qualities  in  a  feeble  degree.  An  acid,  in  J 
more  extended  sense,  is  a  body  containing  hydrogen  (or,  according 
another  view,  the  radicle  Hydroxyl,  Ho),  which  may  be  readily  replao 
by  a  metal  or  basylous  radicle.  The  body  thus  formed  is  termed 
salt.  The  hydrogen  which  can  be  thus  replaced  is  usually  call* 
displaceable  hydrogen.  When  an  acid  contains  one  atom  of  displac 
able  hydrogen,  it  is  called  monhydric  or  monobasic  ;  when  it  contai 
two,  a  dihydric  or  dibasic,  etc.  Dibasic,  and  all  acids  whose  basici 
is  greater  than  unity,  are  called  polybasic.  Most  acids  contain  oxyge 
but  some  contain  sulphur  instead,  and  are  distinguished  by  the  use 
the  prefix  sulph-  or  sulpho- ;  for  example,  sulphantimonous  ad 
Chlorine,  and  some  other  of  the  simple  bodies,  form  acids  1 
combination  with  hydrogen.  These  acids  are  distinguished  by  t 
prefix  hydro-  ;  as  hydrochloric  acid.  As  all  acids  contain  hydrogc 
this  name  is  not  strictly  scientific,  but  is  likely  to  remain  in  use  ai 
common  name. 

There  are  certain  oxides  which  produce  acids  by  combining  wi 
the  elements  of  water.  Oxides  of  this  kind  are  called  anhydrides  a 
sometimes  anhydrous  acids.  When,  conversely,  all  the  hydrogen  of  o 
tain  acids  is  removed  as  water,  we  get  the  anhydride.  An  anhydri 
may  take  up  the  elements  of  water  so  feebly,  that  the  acid  cannot 
prepared  at  all,  although  there  may  be  numerous  salts  corresponding 
it  Of  this  kind  is  carbanhydride,  commonly  called  carbonic  acid.  < 
the  other  hand,  there  are  acids  whose  anhydrides  cannot  be  prepaiec 

Polyhydric  or  polybasic  acids  may  form  several  salts  with  the  8« 
metal,  if  the  quantivalence  of  the  metal  be  less  than  the  basicity  of  1 
acid.  Thus,  nitric  acid  HNO,  forms  only  one  salt  with  potassium  EN' 
while  sulphuric  acid  H^SO^  can  form  two,  KHSO4  ai^<1  K,S04,  and  ph 
phoric  acid  H.PO,  three,  KH.PO^,  K,HPO«  and  K,P04.  The  salts 
which  some  of  the  displaceable  hydrogen  still  remains  are  called  at 
salts. 

Poljrbjrdric  acids  containing  three  ox  mote  tt.\»mft  oC  dis^laoeal 
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kjdiogen  axe  capable  of  fonning  intermediate  acids  when  only  partially 
dehydrated.  The  acida  thua  formed  are  called  meta-acids  ;  while  those 
eontainiDg  the  TnaximTiin  number  of  atoms  of  displaceable  hydrogen 
hare  been  conveniently  termed  orthic  acids.     Thus  : — 

HPO, 

Heta>phosphoric 

acicL 

Heta-silicic 
acicL 

Adds  containing  an  odd  nnmber  of  atoms  of  displaceable  hydrogen 
lonn  a  molecule  of  anhydride  from  two  molecules  of  acid  ;  acids 
bftTiDg  an  even  number  form  their  anhydrides  from  one  molecule, 
Ikns: — 


H,PO« 

Ortho-pbosphoric 

acid, 

H4Si04 

Ortho-flilidc 

H,0 

Water, 

Water, 

acid. 

H^0« 

H,0 

s= 

so. 

Sulphuric 

Water, 

Sulphuric  anhydride. 

add. 

2H,P04 

SHsO 

ss 

P«0. 

Ortho-pboaphoiic 

Water, 

Phosphoric  anhydride 

acid. 

H4Si04 

2H,0 

sz 

SiO, 

Ortho-silicic 

Water, 

Silicic  anhydride. 

acid, 

Two  or  more  molecules  of  a  polyhydric  or  polybasic  acid  may  form 
t  condensed  molecule  by  the  separation  of  the  elements  of  water. 
Thus  two  molecules  of  ortho-phosphoric  acid,  or  rather  of  a  sodarsalt 
eoDtaining  two  atoms  of  the  dLsplaceable  hydrogen  replaced  by  sodium, 
kae  a  molecule  of  water  when  heated,  and  form  what  is  called  pyro- 
]di06phoric  acid,  because  produced  by  the  action  of  heat,  but  now  usually 
called  para-phosphoric  acid.     Thus  : — 

2Na,HP0^         -         H,0         =  Na^^Oy 

Diaodic  Water,  Tetrasodic 

ortho-phosphate,  para-phosphate. 

When  an  orthic  acid  gives  rise  to  a  series  of  condensed  acids,  each 
ttmber  of  the  series  may  in  turn  correspond  to  a  condensed  meta-acid. 
Ik  basicity  of  the  condensed  orthic  acids  of  a  dibasic  acid  is  equal 
t»  the  aum  of  the  basicities  of  the  molecules  condensed,  less  twice  the 
amnber  of  molecules  condensed  upon  the  first     It  follows  from  this 
tbt  dihydric  acids,  no  matter  to  what  degree  condensed,  will  always 
be  dibaaiCy  and  consequently  not  easQy  formed  naturally.     The  basicity 
fif  the  orthic  acids,  formed  by  the  condensation  of  trihydric  and  tetra- 
kjfdzic  acids,  gradually  increases  with  the  coudensation,  and  octohydric 
ad  even  higher  adds  are  possible.    It  sometimes  happens  that  the  orthic 
tckl  is  lesa  stable  than  the  meta-acJd :  thus,  from  samlogj  there  ought 
to  be  a  trihr^^  lu'ir/c  add  H^NOi,  but  although  thtire  are  salts  de- 
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rivable  from  such  an  acid,  the  acid  itself  cannot  be  prepared.  TI10 
ordinary  nitric  acid  is  the  meta-acid,  and  the  natural  nitrates  are  mete* 
nitrates.  Very  few  of  the  condensed  acids  are  known,  but  a  Ittga 
number  of  the  natural  silicates  are  salts  of  such  acids.  When  deecnbi^g 
quartz  and  other  natural  forms  of  silicic  acid,  a  table  showing  the  relft> 
Uonship  of  the  condensed  silicic  acids  will  be  given. 

With  the  exception  of  hydrochloric  acid  and  chlorides,  and  the  aalti 
derivable  from  one  or  two  sulphur  acids,  all  the  acids  and  salts  of  ml 
importance  in  mineralogy  and  geology  are  oxygen  compounds.    TbB 
names  of  such  acids  are  formed  by  qualifying  the  word  acid  by  an  ad*   . 
jective  made  as  before  mentioned,  by  adding  the  suffix  -ic  to  the  ewiMitiil 
part  of  the  name  of  the  radicle.     Thus  sulphur  yields  sulphur-ic  add  $   . 
phosphorus,  phosphor-tc  acid  ;   silicon,  silicic  acid.     When  the  sunt 
element  forms  two  acids,  the  name  of  the  one  containing  least  oxygen, 
or  in  other  words  the  one  in  which  fewer  bonds  of  the  ladide  are 
engaged  by  hydroxyle  in  the  acid  and  by  oxygen  in  the  anhydiidei   _ 
is  formed  by  the  suffix  -aus  instead  of  -ic.     Thus  sulphur,  when  it  acts 
as  a  hexad  element,  forms  sulphuru:  anhydride  and  acid  S^Kf^  and 
SO',(Ho)* ;  and  when  it  acts  as  a  tetrad  element,  sulphurous  anhydiida 
and  acid  S^'O*,,  and  SO'CHo*). 

Bcues. — Certain  oxides  of  metals,  when  brought  in  contact  with  wateTi 
form  compounds  analogous  to  acids,  but  opposite  in  chemical  functions  . 
Thus  calcic  oxide,  lime,  Ca^'O,  combines  with  water  to  form  Ga'^HyO^  - 
Such  oxides,  and  their  compoimds,  with  water,  are  termed 
the  term  basylous  given  to  the  metallic  elements.     The  oxides 
sent  the  anhydrous  acids,  and  are  also  called  anhydrous  oxides ;  tiM  ' 
hydrated  bodies,   the   acids,  they  are   usually  called   hydrates — Uii  '' 
adjective  qualifying  the  word  hydrate  being  formed  in  the  same  way  m 
the  adjective  qualifying  acid.     Thus  EHO  is  potassic  hydrate ;  slakod  ^- 
lime,  Ca''H,0„  is  calcic  hydrate.    As  the  acid  hydrates  are  distinguished  ^ 
by  the  number  of  atoms  of  hydrogen  displaceable  by  basylous  radiclfl%  ^ 
so  the  basic  hydrates  are  distinguished  by  the  number  of  atoms  of 
hydrogen  displaceable  by  acid  radicles.     The  monivalent  metals  fom   : 
monhydric  bases,  the  divalent  metals  dihydric  bases,  and  so  on.     Pol^^   - 
hydric  or  polyacid  bases,  like  polyhydric  or  polybasic  acids,  by  losiiig  '% 
part  of  their  hydrogen  as  water,  can  form  meta  or  intermediate  hydiatei*  > 
Thus   ortho-ferric   hydrate,   Fe,H,0«,  by  losing  one  molecule  of  watet^  '- 
H^O,  becomes  the  metahydrate  found  in  nature  as  brown  iron  on^   ; 
Fefifi^ ;  by  losing  2H,0,  it  forms  a  second  hydrate,  found  in  nataie  \ 
as  needle   iron  ore  or  ordinary  brown  iron  ore,  Fe^H^Of;  by  losing  v 
3H,0  it  becomes  ferric  oxide,  occurring  in  nature  as  red  hssmatitei  <- 
Fe,0, ;  orthic  aluminic  hydrate,  found  as  the  mineral  Gibbsite,  Al^O^, 
becomes,  by  losing  2HsO,  the   hydrate  found  naturally  as  diaspoie, 
Al^Hfi^,  and  by  losing  3H,0,  aluminic  oxide  Alfi^  - 
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»  or  more  molecules  of  a  poljhydric  base  appear  to  be  able  to 
^ndensed  bases  with  the  separation  of  water.  Thus  the  first 
ed  orthic  ferric  hydrate  would  have  the  compodtiou  Fe<Hi^O„ ; 
loss  of  two  molecules  of  water  this  would  give  the  condensecl 
Fe^H^O^  which  occurs  naturally  as  the  mineral  brown  hsema- 
compact  and  fibrous  brown  iron  ore.  We  have  examples  of  still 
:ondensations  among  the  sulphur  compounds,  as  in  octoferrous 
e  Fe/'S''y  and  in  heptaferric  octosulphide  or  magnetic  pyrites, 

ly  of  the  anhydrous  basic  oxides  and  hydrates  have  been  long 
and  have  acquired  common  names  by  which  they  will  continue 
Qown,  no  matter  what  changes  may  take  place  in  chemical  nomen- 
Thus  we  have — 

SysUmatic  Names,  Common  Names. 

Baric  Oxide.  Baryta. 

Strontic    „  Strontia. 

Calcic        „  Lime. 

Magnesic  „  Magnesia. 

Alaminic  „  Alumina. 

Potassic  Hydrate.  Potash. 

Sodic  „  Soda. 

ts. — When  acids  and  bases  mutually  act  upon  each  other — that 
I  chlorous  or  acid  radicles  displace  hydrogen  inbasyle  hydrates,  or 
radicles  displace  hydrogen  in  acid  hydrates,  or,  when  acid  and 
mhydrides  combine — salts  are  formed.  Salts  may  be  con- 
ly  classified,  for  mineralogical  purposes,  into  Haloid-salts,  Oxy- 
nd  Sulpho-salts.  Haloid-salts  are  such  as  resemble  common 
chemical  constitution,  hence  the  name.  This  class  includes 
Qpounds  of  the  Halogen  elements,  fluorine,  chlorine,  bromine, 
ine  with  the  metals, — that  is,  fluorides,  chlorides,  bromides,  and 

r-salts  are  those  formed  by  the  oxy-acids,  and  may  be  divided 
rmal,  acid,  and  basic  salts.  A  normal  salt  is  the  salt  which  is 
when  all  the  displaceable  hydrogen  of  an  acid  is  replaced  by  an 
ent  quantity  of  a  basylons  radicle,  such  as  a  metal ;  or  conversely, 
he  displaceable  hydrogen  of  a  basylous  hydrate  is  replaced  by  an 
ent  quantity  of  an  acid  radicle.  Normal  salts  were  at  one  time 
aeutral  salts.  This  term  was  originally  applied  to  certain  salts 
solutions  did  not  affect  colouring  matters.  The  following  examples 
plain  more  fully  the  meaning  of  normal  salts : — 

iNa'NO^  sodic  nitrate,  or  nitrate  of  sodium, 
or  nitrate  of  soda.  , 

Ca''2N03,  calcic  nitrate,  nitrate  of  calcium, 
or  nitrate  of  lime. 
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Shilpharic  acid,  H,S04  .    . 


Ortho-phosphoric  add,  H,P04 


Ortho^ilicic  acid,  £[48104   .     . 


Heta-silicic  acid,  H^O,    .     . 

Condensed  anhydro-silicic  acid, 
HaSitfOi, 


Na^^  diaodie  sulphate,  anlpliato  of  M- 

dium,  sulphate  of  soda,  or  thenaiditiL 
Ca'^4,  calcic  sulphate,  or  snlpbata  of  a^- 

cium,  sulphate  of  lime,  or  anhydrita. 
K4'A1,*4S04,  24H,0,   eikoaitetra^ij  iliiiii 

dipotassic  aluminic  tetnsulphate^or  ali^  ■ 
Fe,''3S04,  9H,0,  enneahydiated  diftnkt4> 

sulphate,  or  Coquimbite. 

Kf  PO4  tripotassic  phosphate. 
Caj'2P04,  tricalcic  diphosphate. 
Fe,''2P04,  8H,0,  octohydrated 
phosphate,  or  Vivianite. 

Mg,'3i04,     dimagnesic      aiUcate^    ^rpkitl 

peridot,  or  chrysolite. 
Fes''Si04,  diferrous   silicate,  typical  «iMi- 

peridot,  or  fayalite. 

(  Mg'SiO,,    monomagnesio    silicate^   ty^itBd 
\      augite,  as  represented  by  enatatite. 

SKfAl^^Si^Oi^  dipotassic  aluminic 
cate,  orthoclase,  or  potash  felapar. 


The  following  examples  will  show  the  character  of  anlphor  addi 
and  their  salts  better  than  a  description — 

^  .,        IV*-  M  TT  auQ   1  Pba'Sb^.     Triplumbic    aulphantimonitti 

Ortho-sulphantimonous  acid,  H^bS,       ^r  b^uUngerite. 

Meta^alphantimonous  acid,  HSbS,  j  ^^r^^^J^"''^^  metasulphantunonil^ 

Condensed     sulphantimonous   acid,  \  Pb,'Sb^,.       Diplumbic      para-sulphanti- 
H^SbSf  ...  I      monite,  or  feather  ore. 

As  acid  salts  are  of  scarcely  any  importance  in  mineralogy,  whit 
has  been  said  on  this  subject  at  p.  20  will  suffice. 

Basic  salts  are  those  in  which  the  atoms  of  displaceable  hydrogen 
are  replaced  by  a  more  than  equivalent  amount  of  basylous  ladide  or 
radicles.  Basic  salts  are  formed  by  polyatomic  bases,  and  generally 
by  the  higher  ones — like  ferric  and  aluminic  hydrates.  They  almosi; 
always  contain  the  elements  of  water,  as  if  the  hydrates  attached  them- 
selves to  the  acids  by  a  limited  number  of  bonds,  thus  partially  retain* 
ing  their  character  of  hydrates.  The  following  are  a  few  examples  of 
basic  salts : — 


Cuj'HjCOb. 

Fe4^Hi,SOi5. 

K,(A1,),^H,A0«,. 


Dicnpric  carbonate  dihydrate,  or  green  malachite. 

Vitriol  ochre. 

Alunite. 


Sometimes  the  bases  do  not  appear  to  be  able  to  remain  as  hydrates, 
and  then  form  basic  anhydrous  salts — as,  for  instance,  heterocUne,  which 
is  a  hexmanganic  monosilicate — 

(Mn,),^  Si  On. 
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with  the  theoretical  views  of  the  author  who  uses  it,  ia  selected.  Tlie 
first  type  of  formula  possesses  considerahle  advantages  as  being  less  thflo- 
retical  than  any  other,  but  in  many  cases  it  does  not  represent  the  eoa- 
stitution  of  a  body  so  well  as  the  second.  The  latter  is  not,  howeftt^ 
well  adapted  for  mineral  formulsB  in  the  present  transition  stags  rf 
chemical  notation  ;  on  the  other  hand,  the  third  method  is  veiy  wA 
adapted  for  the  purpose,  because  in  those  cases  where  it  DeuIs  mosty  m 
in  expressing  the  constitution  of  acid  salts,  we  do  not  require  to  me  H 
for  mineral  fonnulse,  there  being  very  few  acid  salts  among  minenki 
While  the  forroulse  used  here  will  generally  be  written  according  to  iSm 
first  method,  the  others  will  also  be  used  whenever  it  may  be  fbaad 
necessary. 

In  most  books  on  mineralogy  silica  is  considered  to  be  a  tii* 
oxide,  SiO, ;  even  in  the  few  in  which  it  has  been  assumed  to  be  a 
deutoxide,  SiO,,  many  of  the  atomic  weights  used  are  only  half  wbift 
they  are  now  admitted  by  all  chemists  to  be.  As  there  is  no  longOE 
any  doubt  that  silicon  is  a  tetrad,  the  formulee  of  all  silicates  baaed 
upon  SiOs  are  wrong ;  and  when  we  take  into  consideration  that  tha 
atomic  weights  of  oxygen,  sulphur,  and  nearly  all  the  polyatomic  metal% 
have  been  doubled,  it  would  be  useless  to  give  the  old  formulss ;  tht 
best  thing  the  student  can  do  is  to  forget  them. 

2.  Laws  op  Form. 

If  ice  be  heated,  it  melts  into  water ;  if  the  water  be  further  heated, 
it  IB  converted  into  steam  or  gas.  The  converse  of  these  changes  may 
be  produced  by  cooling.  As  heat  is  only  a  kind  of  motion,  the  three 
physical  states  of  matter  depend  upon  the  relative  quantities  of  motion 
which  the  molecules  of  any  given  portion  of  it  may  possess.  Some  ol 
the  simple  bodies  are  known  in  the  three  states  ;  but  others,  such  ai 
those  which  form  air  and  water,  are  known  only  in  the  gaseons  state 
Perhaps  all  those  which  occur  in  the  solid  state  may  be  converted  intc 
gas  ;  but  the  intensity  of  the  heat  required  for  this  purpose,  in  the  caac 
of  such  bodies  as  carbon,  silicon,  eta,  has  hitherto  been  an  obstacle  tc 
this  being  done.  Many  compounds,  besides  water,  are  also  capable  oi 
existing  in  the  three  states  ;  nearly  all  the  compound  bodies  whicl 
exist  at  ordinary  temperatures  in  the  gaseous  state,  have  been  changed 
into  liquids  by  cold  or  compression,  or  by  their  joint  action,  and  manj 
of  them  have  been  even  frozen.  But  a  large  number  of  solid  and  evei 
liquid  compounds,  the  molecules  of  which  are  very  complex,  or  tlu 
atoms  of  which  are  held  together  by  very  feeble  affinity,  cannot  with' 
stand  the  heat  necessary  to  convert  them  into  gas,  and  are  deconiposec 
into  other  molecules,  some,  or  all,  of  which  are  capable  of  holding 
together  under  the  influence  of  the  heat-motion  necessary  to  keep  then 
as  gases. 
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througli  this  point  from  two  opposite  points  in  the  surface  of  the 
crystal,  are  termed  axes.  Of  the  infinite  number  which  may  be  sup- 
posed to  pass  in  this  way,  only  a  limited  number  pass  symmetrically 
through  any  given  polyhedral  form — that  is,  join  opposite  similar 
parts,  such  as  solid  angles  and  the  centres  of  opposite  faces  and  edges. 
The  number  of  symmetrical  axes  is,  therefore,  determined  by  the  num- 
ber of  the  bounding  elements  of  the  ciystal,  being  equal  to  half  the 
number  of  faces,  edges,  and  solid  angles. 

Axes  and  Sections. — Equal  axes  are  those  which  join  similar  and 
equal  parts.  When  we  find  in  a  figure  an  axis  which  is  unlike  any 
other  axis  in  it,  the  crystal  is  called  a  monaxial  fonn.  In  some  forms 
every  synmietrical  axis  may  be  unique.  Ciystals  in  which  there  is  not 
an  unique  axis,  are  called  polyaxial.  A  plane  supposed  to  pass  through 
a  crystal  perpendicular  to  a  symmetrical  axis,  is  called  a  section  ;  when 
it  passes  through  the  centre  of  the  crystal,  and  divides  the  axis  into  two 
equal  parts,  the  figure  of  the  section  will  be  homologous  with  the  figure 
of  projection  on  a  sheet  of  paper  upon  which  the  crystal  is  put,  with  that 
axis  perpendicular  to  its  surface,  or,  what  is  the  same  thing,  to  its 
shadow  when  light  is  held  above  it  while  in  that  position.  Thus  if  a 
cube  be  placed  with  one  of  its  diagonals  perpendicular,  its  projection 
will  be  a  regular  hexagon. 

Simple  and  Compound  Forms, — Forms  bounded  by  faces  of  the  same 
kind,  are  called  simple  forms ;  those  having  faces  of  different  kinds, 
compound  forms.  Compound  forms  are  considered  to  be  made  up  of 
as  many  simple  forms  as  the  crystal  has  dififerent  kinds  of  faces. 

Relative  Symmetry  of  Sections, — Sections  of  crystals  may  be  classed 
under  six  categories,  according  to  their  relative  degrees  of  symmetry  : — 
1.  The  equilateral  triangle  and  regular  hexagon,  and  all  other  figures 
which  may  be  symmetrically  derived  from  them  ;  2.  The  square,  which 
may  be  divided  into  four  equal  and  similar  isosceles  triangles,  and  any 
other  polygon  symmetrically  derived  from  it ;  3.  The  rhomb  and  rect- 
angle, and  their  s}^mmetrical  derivatives — ^these  two  figures  are  comple- 
mentary in  their  symmetry,  the  former  is  equilateral,  but  has  two  kinds 
of  angles  ;  the  latter  is  equi-angular,  but  has  two  kinds  of  sides, — a 
rhomb  can  be  inscribed  in  a  rectangle  and  a  rectangle  in  a  rhomb  ;  4. 
A  rhomboid,  which  may  be  divided  into  two  pair  of  equal  opposite 
scalene  triangles,  and  all  other  polygons  of  equal  synmietry ;  5.  The 
deltoidal  trapezium,  having  two  unequal  parallel  sides,  and  two  equal 
inclined  ones,  two  pair  of  opposite  equal  angles  ;  or  the  deltoid,  which 
has  two  pair  of  contiguous  equal  sides,  and  one  pair  of  opposite  equal 
angles,  and  polygons  derivable  synmietrically  from  them  ;  and  6.  Scalene 
triangles. 

Co-^>rdwiate  and  Crysiallographic  Axes, — ^TTie  position  of  the  faces 
of  a  geometrical  form  may  be  determined  by  their  relation  to  three 
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r  the  lines  fonned  hj  their  [intersection.  These  lines,  which 
apx>ofled  to  be  of  infinite  magnitude,  are  called  co-ordinate  axes, 
ippoee  a  cr3r8tal  constrocted  about  three  such  imaginaiy  lines, 
itre  coindding  with  the  centre  of  the  ciystal,  and  the  lines 
68  with  three  of  the  symmetrical  axes,  the  portion  of  the 
ite  axes  enclosed  within  the  crystal  would  be  the  crystallo- 
ixes.  Eveiy  face  of  a  crystal  should  actually  intersect  at  least 
tie  three  axes  of  the  crystal,  or  do  so  if  the  face  and  axis  were 
ly  prolonged ;  that  is,  intersect  one  of  the  co-ordinate  axes, 
arallel  to  the  other  two  ;  or  it  may  intersect  two,  and  be  parallel 
or,  lastly,  it  may  intersect  all  three.  The  portions  of  the  co- 
half-axes  intercepted  between  their  point  of  intersection  with 
er — ^that  is,  the  centre  of  the  crystal,  and  their  points  of  inter- 
>r  possible  points  of  intersection  with  a  face — are  called  the 
^rs  of  that  face.  The  ratio  of  the  parameters  is  determined  from 
surements  of  the  angles  made  by  the  faces  with  each  other. 
re  some  forms  whose  faces  can  be  better  determined  in  rela- 
our  axes. 

nfaxtion  of  Fovtm  aceordinff  to  Number,  Length,  and  Angle  of 
ne  Axes. — The  forms  which  are  determined  by  means  of  three 
hat  is,  by  length,  breadth,  and  thickness — may  be  called 
forms,  and  those  measured  in  four  directions  tetraxial  forms, 
ixial  forms  may  be  divided  into  those  in  which  the  axes  of 
y  selected  as  crystallographic  axes  are  at  right  angles  to  each 
•  orthic  or  straight  forms  ;  and  those  in  which  one,  two,  or  the 
tersect  obliquely,  or  clinic  or  inclined  forms.  Orthic  forms  are 
ed  into  those  having — 1.  The  axes  equal ;  2.  Two  equal  and 
1  greater  or  less  ;  and  3.  The  three  axes  unequal.  The  clinic 
re  subdivided  into— 1.  Those  in  which  one  of  the  axes  is 
to  a  second  one,  but  at  right  angles  to  the  third  ;  2.  Those  in 
le  axis  is  at  right  angles  to  a  second,  but  all  the  other  angles 
three  axes  with  each  other  are  oblique  ;  and  3.  Those  in  which 
ngles  made  by  the  intersection  of  the  ciystallographic  axes  are 
All  tetraxial  forms  have  three  axes  in  the  same  plane,  and 
th  perpendicular  to  them. 

talline  Si/stems, — All  crystalline  forms  whose  axes  belong  to  one 
categories,  constitute  what  is  called  a  crystalline  system  ;  all 
jB  in  which  any  substance  is  found  to  crystallise,  subject  to  a 
e  described  presently,  constitute  a  crystalline  series.  The  fol- 
able  contains  the  names  of  the  seven  systems  just  indicated, 
help  to  make  other  relations  more  intelligible  : — 
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Table  of  the  Seven  Ststems  of  Cbtstals. 

TricuBicU  Forms. 

'1.  Monometric,    isometric,    cubical,    tesseral,    or   regaLir 
system. 
Ortliic  SjTstems.  •  \  2.  Dimetric,    mono-dimetric,    tetragonal,    pyramidal,    or 

square  prismatic  system. 
^3.  Trimetric,  ortho-rhombic,  or  rhombic  system. 

'4.  Monoclinic,    mono-clinohedric,    clino-rhombic,  oblique 
prismatic,  or  hemi-prismatic  system. 
Clinic  systems.   -  5.  Diclinic  or  diclinohedric  system. 

6.  Triclinic,  anorthic,  tetarto-prismatic,  or  doubly  oblique 
^  prismatic  system. 

Tetraxiai  Forms, 

7.  Hexagonal,  rhombohedral,  or  mono-trimetric  sygtem.    • 

The  systems  of  crystals  thus  marked  out  by  the  number,  relative 
dimensions,  and  angles  of  intersection  of  the  axes,  are  also  distinguished 
by  their  relative  symmetry.  All  polyaxial  forms  belong  to  the  mono* 
metric  system,  and  therefore  contain  several  axes,  giving  sections  of  the 
first  degree  of  symmetry  or  hexagonal  axes  ;  several  of  the  second 
degree  or  squares,  or  tetragonal  axes  ;  and  several  giving  rectangles  or 
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Fig.  1. 


Fig.  2. 


Fig.  8. 


prismatic  axes.  Fig.  1  shows  the  cube  with  the  four  hexagonal  axes 
joining  the  opposite  solid  angles  ;  Fig.  2  the  three  tetragonal  axes 
joining  the  centres  of  opposite  faces  ;  Fig.  3  shows  the  six  prismatic 
axes  joining  the  centres  of  opposite  edges.  The  crystallographic  axes 
are  the  three  tetragonal  axes.  The  student  may  at  once  find  out,  firrt 
the  system,  and  next  the  crystalline  axes,  of  many  more  or  less  well- 
defined  crystals  belonging  to  the  orthic  and  hexagonal  systems,  by  deter- 
mining the  sections.  It  is  not  so  easy  to  do  so  in  the  clinic  systems, — 
indeed  it  would  not  be  possible  to  detect  the  diclinic  system,  or  distin- 
guish between  some  rhombic  and  monoclinic  crystals,  in  this  way  at  alL 
The  tetragonal  axes,  although  less  symmetrical  than  the  hexagonal 
ones,  are  selected  as  the  crystallographic  axes,  of  polyaxial  or  mono- 
metric  forms,  because  they  constitute  a  system  of  three  equal  and 
rectangular  axes,  which  is  just  the  number  required. 

The  only  other  forms  in  which  hexagonal  sections  could  be  col 
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^tml,  wbich  cmntAn  one  rach  uis,  and  it  is  the  only  uniqae 
e  sTBtem,  hence  the  nune  hexagonal  given  to  it  The  other 
Ttailognphic  azea  are  prismatic  axes.  In  comparing  fonus 
another,  one  of  the  eryBtallogHiphic  axes  ia  made  perpendicular, 
laideRd  the  principal  axis.  In  the  nionontetric  or  pol^axial 
:   three  axes  being  alike,  anf  one  of  them  vMy  be  made  the 

axis.     In  the  monaxiol  sj^m,  which,  like  the  hezaf^nal, 
me  nniqae  uda,  this  is  made  the  priucifsl  axis. 
e  dimetric  ajatem  there  is  no  hexagonal  axis,  and  bat  one 

one,  which  is  tlu  variable  axis,  and  is  made  the  principal 

two  eqnal  cryrtallogt^hic  axes  are  piiunatic  axes.  Bhombic 
e  three  rhombic  axes  at  right  anglea,  and  thef  are  selected  aa 
llograpbic  azea.  Am  thef  are  unequal,  any  one  of  them  may 
the  principal  axis.*  ^e  monoclinie  forms  have  only  one 
il  axin,  and  two  deltoidal.  The  one  of  the  latter  which  is 
ular  to  the  Thomboidal  axis,  and  inclined  to  the  other  deltoidal 
uje  the  principal  axis.  IViclioic  forms  have  only  scalene  axes, 
i>  sections  can  be  made  in  a  crystal  belonging  to  the  tridinic 
greater  symmetry  than  a  scalene  triangle. 

he  purpoM  of  connecting  the  various  forms  belonging  to  a 
•nte  simple  form  is  taken  as  the  type,  and  from  it  the  othera 
iijipused  to  be  derived.    The  majority  select  what  is  called  the 

Tlie  cry  stall  ographic  pyramid  is,  however,  a  douhle  pyramid, 
munid^  baiie  to  base.  In  the  mnnoroetric  system  there  is  but 
uid,  the  regular  octahedron,  a  figure  bounded  by  eight  equila- 
n^les  (F'm.  4).  Aa  there  could  be  only  one  such  form  in  the 
■■  uiifl  being  the  axis  of  a  circumscribing  sphere,  it  is  not  called 
I,  liut  the  octahedron.  In  the  dimetric  system,  one  axis  being 
there  may  be  as  many  pyramids  as  poanble  lengths  of  that 


Fig.  i.  »i»  •• 

i.*e  pvnuoida  are  obtuse  when  the  prindpal  axis  is  leas  than 
two  ues,  and  acute  when  greater  (Fig.  tt).     The  <aicle  shows 

iBton,  clungi.  ud  eomblMtUm  of  ewjtUlM  htt*  to  Indlal*  to  nstaw  ths 
xMld  b«  Nicelfd.   7b(nteiai«^MtdlAeB4f  in  dM<railDlo(th«  right  coa, 
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the  limits  of  the  acute  and  obtnse  pyramids.  When  the  vertical  axis  i 
equal  to  the  basal  ones,  the  pyramid  would  be  the  regular  octahedron 
which  could  not,  however,  occur  in  this  system.  In  the  rhombic  systen 
the  three  axes  may  vary ;  tliere  may  consequently  be  three  series  o 
pyramids — ^when  the  principal  axis  varies,  or  the  pyramid  proper  ;  th< 
macro-pyramids,  or  pyramids  in  which  the  longer  of  the  two  secondary 
axes  varies ;  and  brachy-pyramids,  or  those  in  which  the  shorte] 
secondary  axis  varies.  Fig.  6  represents  the  three  kinds  of  pyramid! 
drawn  upon  the  same  principal  axis ;  the  continuous  lines  represent  th( 
pyramid  properly  so  called,  the  macro-pyramid  or  the  pyramid  formed 
by  the  variation  of  the  longer  secondary  axis  is  represented  by  linei 
formed  of  short  dashes  and  single  points  ;  and  the  brachy-pyramid 
or  pyramid  formed  by  the  variation  of  the  shorter  secondary  axis,  bj 
short  dashes  and  two  points.  In  the  clinic  systems  there  are  alsc 
several  series  of  p3rramid8,  which  are  related  to  each  other  somewhat  ii 
the  same  way  as  the  rhombic  pyramids,  except  that  one  or  more  of  th< 
axes  are  oblique.  In  studying  clinic  forms  the  pyramids  are  con 
sidered  as  combinations.  Thus  the  monoclinic  forms  are  considered  U 
be  made  up  of  two  hemi  or  half  pyramids  ;  and  the  triclinic  of  foui 
quarters  or  tetarto  pyramids.  lu  the  hexagonal  system  the  pyramid 
has  twelve  sides. 

The  prism  has  also  been  selected  as  the  type  or  fimdamental  form 
The  cube  may  be  regarded  as  the  prism  of  the  monometric  system 
Like  the  regular  octahedron,  the  cube  is  unique.  In  the  other  triaxia! 
systems  the  typical  prisms  are  four-sided  bars,  which  are  orthic  in  ih( 
rectangular  and  inclined  in  the  clinic  system.  They  are  terminated  b^ 
two  planes  called  the  base.  A  prism,  unlike  the  cube,  is  in  reality  i 
compound  form,  and  crystallographers  consequently  distinguish  formi 
into  closed  forms,  like  the  pyramid,  and  open  forms,  like  the  prism 
which  can  -only  be  closed  by  faces  of  a  different  kind  called  the  base  oi 
pinacoid.  The  base  may  be  looked  upon  as  the  section  of  the  axis  o 
the  prism,  and  consequently  the  symmetry  of  any  form  is  at  once  deter 
mined  by  that  of  the  base  of  the  prism.  Thus,  in  the  dimetric  system 
the  base  is  a  square  ;  in  the  trimetric  a  rhomb  or  oblong,  etc  Whex 
the  variable  axis  of  a  square  pyramid  becomes  infinite  it  passes  into  i 
prism  ;  when  it  becomes  =  0  it  becomes  a  plane  or  base.  The  limitin| 
forms  of  the  pyramids  are  therefore  the  prisms  towards  which  the  acut 
series  tend,  on  one  side,  and  the  base  towards  which  the  obtuse  one 
tend,  on  the  other.-  In  those  systems  in  which  all  the  axes  are  unequal 
and  may  therefore  vary,  there  are  three  sets  of  prisms  correspondin| 
with  three  sets  of  pyramids.  Besides  which,  prismatic  forms  can  alsi 
arise  when  the  secondary  axes  become  infinite. 

There  are  seven  simple  forms  in  the  monometric  system  ;  they  an 
all  closed  forms,  and  three  of  them — ^the  octahedron,  cube,  and  rhombi 
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edron — are  unique  ;  but  the  panuneters  of  the  faces  of  the  other 
ij  Twcj  within  certain  limits.  Besides  these  there  are  six 
loeed  foimSy  the  faces  of  which  have  the  same  parameters  as 
of  the  seven  forms  first  mentioned,  but  they  differ  from  them  in 
only  half  the  number  of  faces.  Hence  IJiese  seven  forms  are 
lolohedral  forms,  or  whole-faced  forms  ;  that  is,  they  contain  the 
xm  number  of  faces  which  could  occur  in  the  system  with  cer- 
ven  parameters.  The  six  are  termed  hemihedral  or  half-faced 
Fig.  7  represents  the  hemihedral  fonn,  the  tetrahedron  in  its 
I  to  the  holohedral  form  the  octahedron.  Fig.  8  shows  the 
nal  pyramid,  and  its  hemihedral  form  the  rhombohedron,  repre- 
by  the  dotted  lines. 

npound  forms,  as  we  have  before  said,  are  made  up  of  as  many 
IS  there  are  different  kinds  of  faces.  The  most  prominent  form 
mbination  is  called  the  dominant  form.  The  combination  takes 
iv  the  replacement  of  the  edges  or  angles  hy  planes.     When  an 
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Fig.7. 
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)T  edge  is  replaced  by  a  single  plane,  it  is  said  to  be  truncated  ; 
in  edge  is  replaced  by  two  planes,  it  is  said  to  be  bevelled  ;  when 
le  is  replaced  by  two  or  more  planes,  it  is  said  to  be  pointed.  The 
;eR  which  thus  replace  the  edges  or  angles  of  the  dominant  form, 
-med  modifications,  and  arc  produced  according  to  a  defmite 
Fig.  9  represents  the  cube  with  its  eight  angles  truncated  ;  the 
f  tnincxition  would,  if  prolonged  until  they  intersected,  produce 
hedron  ;  hence  such  a  figure  would  be  described  as  a  combina- 
the  cube  and  octahedron,  the  former  being  the  dominant  form, 
truncation  were  carried  so  far  that  neither  form  could  be  looked 
as  the  dominant  form,  the  compoimd  would  be  the  cube- 
Iron.  Fig.  10  represents  the  twelve  edges  of  the  octahedron 
*«1 ;  the  faces  of  truncation,  if  produced  until  they  met,  would 
e  Fig.  11,  the  rhombic-dodecahedron — a  twelve-sided  figure 
•A  by  twelve  rhombs.  Fig.  12  represents  the  twelve  edges  of  the 
iron  bevelled.     The  twenty-four  planes  of  bevebnent,  if  pro- 


duced  until  they  intersected,  would  produce  Fig.  13,  the  triakiaoctahe- 
dron,  01  three-&ced  octahedron.      Fig.    14   represents  a  foni^faced 


pointing  of  the  sii  angles  of  the  octahedron  placed  aymmetricaUy  on 
the  faces.  The  faces  of  pointing,  if  prolonged  until  they  intersected, 
would  produce  a  twenty-four  faced  figure,  called  the  deltoidal-ikoB- 
tetrahedwin.     Fig.  15  shows  the  combination  of  the  prism  with  the 


pyramid  of  the  dimetric  system.  The  dotted  lines  show  the  lelatkB 
of  the  two  forms.  Fig.  16,  representing  a  common  form  of  oliniM, 
will  serre  to  give  an  idea  of  the  combinations  in  the  rhombic  system. 
Fig,  17,  representing  the  common  form  of  augite  or  pyroxene,  shows 
the  character  of  the  compounds  of  the  clinic  systems. 

The  following  are  the  principal  laws  which  have  been  established 
in  Crystallt^raphy : — 

1.  Law  <it  tho  InTarlabllitr  of  the  AnBlea  or  Oirstala. — Hiis  law,  i^ck   - 
WIS  Brat  noggeated  in  1688  1^  DomiDJco  GaLielmmi  of  Bologns,  but  first  eatablisbsd 
by  Rami  de  I'lsle,  may  be  thna  sUled : — The  aiglea  of  indination  of  the  feces  rf 

a  crystal  are  couBtant  sod  unchangeable,  bowerer  unequally  the  facta  may  bs 
developed.  The  carrespanding  angles  of  difTertnt  crystalline  ipecimeni  of  tbs 
same  body  do  not  always  absolutely  agree,  Kokacharow  has  measured  tlM 
angles  ot  the  purest  crj'stal.^  of  a  grent  many  minetali,  and  found  differences  b«- 
qnently  amounting  to  two  or  three  miuutea,  and  sometimes  even  to  ten  minutes. 

2.  The  law  ot  the  FarkUeUam  of  ttie  Faces  ot  a  CryitaL—Thts  law,  fflf 
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eoTcred  by  Bom^  de  I'lslfl,  BUty  be  expraned  as  follows : — Every  face  of  a  crystal 
has  a  simUar  face  parallel:  to  it,  or  erery  figure  is  bounded  by  pairs  of  parallel 
btm,  vith  the  exception  of  certain  hemihedral  forms. 

3.  The  law  of  Zones,  first  established  by  Weiss,  may  be  thus  defined  : — In 
general  the  faces  of  forms  are  disposed  in  series  or  zones  parallel  to  one  of  the 
fymmetrical  axes,  which  is  hence  called  the  zone-axis.  Thus,  iu  every  prism,  the 
hctt  of  the  prism  constitute  a  zone  parallel  to  the  axis  of  the  prism.  Faces  may 
be  in  a  zone  which  do  not  actually  intersect  on  the  form. 

4.  The  law  of  Symmetxy,  discovered  by  Hatty,  may  be  thus  expressed : — 
1,  The  similar  parts  of  crystals, — faces,  edges,  angles,  and  consequently  axes,  are 
lU  modified  at  the  same  time  and  in  the  same  manner,  and  the  dissimilar  parts 
tre  modified  separately  or  differently.  2,  The  modifications  produce  the  same  effect 
OD  the  faces  or  edges  which  form  the  modified  part  when  they  are  equal.  When 
tlKv  are  not  equal,  they  produce  a  different  effect  That  is,  if  an  edge  be  truncated 
or  bvrelled,  every  similar  edge  will  be  similarly  truncated  or  bevelled  ;  if  an  angle 
be  truncated  or  pointed,  every  similar  angle  will  be  similarly  truncated  or  pointed ; 
an*!  consequently  every  similar  axis  will  be  equally  affected  by  the  modifications. 
Thus  the  cube  has  eight  similar  angles  and  twelve  similar  edges.  Theoretically 
ve  may  truncate  three  angles  or  five  edges ;  but  in  the  physical  production  of 
oyttak,  if  one  of  the  angles  or  edges  be  modified,  all  will  be  similarly  modified. 

This,  which  is  the  most  important  law  of  crystallography,  is,  however,  subject 
to  10  exception  which  was  first  fully  formulised  by  Weiss.     It  may  be  defined 
thas : — ^All  the  similar  parts  of  crystals — faces,  edges,  angles,  and  consequently 
VLts — are  all  modified  at  the  same  time  and  in  the  same  manner ;  or  half  of  them, 
or  one-fourth  of  them.     When  only  half  of  the  similar  parts  are  nioiiified,  we  get 
lie  hemihedral  forms  already  mentioned  ;  when  one-fourth    only  are  modified, 
vhich  occurs  only  rarely,  we  get  what  are  called  tetartohedral  forms.     Thus,  Lf 
only  foar  of  the  eight  angles  of  the  cube  be  modified  alternately,  we  get  the  hemi- 
kaiirsl  form,  the  tetrahedron.     In  the  monometric  system  the  two  hemihedral 
forms,  which  each  holohedral  form  may  yield,  are  geometrically,  and  to  a  great 
extdit  physically,  identical ;  but  in  the  less  symmetrical  systems  they  are  different. 
DeUfosse  *  and  others  look  upon  hemihedral  forms  as  only  an  apparent  exception 
to  the  law  of  symmetry.     They  consider  that  the  molecules  of  hemihedral  forms 
ire  different  from  those  of  holohedral,  and  hence  derive  each  kind  of  hemihedral 
^'rms  from  a  hemihedral  fundamental  form.     Thus,  in  the  monometric  system, 
the  deven  holohedral  forms  should  be  derived  from  the  octahedron  ;  the  four 
isdioed-faced  hemihedral  forms  should  be  derived  from  one  of  them,  the  tetrahe- 
dnm ;  the  two  parallel-faced  hemihedral  forms  from  one  of  them,  the  pentagonal 
icdecahedron.     They  also  consider  that  the  forms  which  occur  in  natural  combi- 
ittinQs  always  belong  to  the  same  type  ;  that  is,  hemihedral  forms  never  occur  in 
comhinations  with  true  holohedral  ones,  or  the  converse,  consequently  wlien  the 
ih'>mlMe  dodecahedron,   tetrakis-hexahedron   or  four-faced   cube,  and  the  cube, 
occur  in  combination  with  any  of  the  inclined-faced  hemihedral  forms  (and  they 
Bt  the  only  apparent   holohedral   ones  which  do),  they   are   molecularly  true 
bemiheriral  forms.     Those  forms  could  not  in  fact  give  inclined-faced  hemihedral 
d<is«d  forms.     The  left  and  right  handed  form,  derivable  from  the  cube,  would 
■aiply  make  a  cube.     The  forms  of  the  hexagonal  system  should,  according  to 
tkis  view,  be  referred  to  six  fundamental  forms.     If  this  view  were  adopted— and 
there  ean  be  no  doubt  that  it  expresses  accurately  the  way  in  which  combinations 
Mly  do  occur  in  nature — hemihedry  would  not  any  longer  form  an  exception  to 
tbehwof  Haliy. 

&.  The  Uw  of  the  BationaUty  of  the  Parameters  of  the  Faces  of  Orys- 
•  "R«eh«rcbe«  sur  U  Cristalllsatlon  consid^rie  sous  les  rapports  Physiques  et  Mathe- 
■rtapiM,"  par  O.  Delafoase,  Mim.  <U  I'Accui.  Royalt  du  Science*,  t.  viii.  des  Savants 
biueen,  1849 ;  also  his  Nouveau  Court  de  MineralogU,  3  Yola.  186S. 
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talUne  Series,  first  indicated  by  Malus.*  If  in  any  crystalline  series  one  fonn 
be  selected  as  the  type  or  fundamental  form,  and  its  parameters  be  represented  by 
a  :  b  :  e;  then,  if  one  of  the  parameters,  for  example  e,  of  every  face  oocuiring  in 
the  series  be  assumed  equal  to  that  of  the  type,  the  others  will  be — 

nb    :  e 

n'b   :  e 

n''b  :  c,  etc 

The  factors,  m,  m\  m",  etc.,  n,  n\  n",  etc.,  which  are  called  the  coefBaeDts  of 
derivation,  are  always  rational  quantities,  and  very  simple  numbers,  such  as  {,  4> 
i»  l»  If  i>  ^  3,  4,  etc.  Irrational  values  cannot  occur.  Thus  the  parameten, 
a  :  6  :  c  of  the  type  or  fundamental  rhombic  pyramid  of  the  crystalline  series  of 
anglesite  or  plumbic  sulphate,  as  determined  by  Kokscharow,  are  in  the  ratio  of 
077556  :  1  :  0*60894,  and  those  of  the  other  faces  as — 

c  =  4  (0-77556)  :  4  :  0*60894 

c  =  0-77556    ;  |  :  0  60894 

c  ==  0-77556    :  2  :  0  60894 

c  =  f  (0-77556)  :  j  :  0*60894 

c  =  oc         :  4  :  0-60894  , 

c  =  oc         :  J  :  0-60894 

The  numerical  expressions  for  the  coefficients  of  derivation,  m,  m',  .  •  .  . 
n,  n,  etc.,  are  consequently  the  very  simple  numbers,  ^,  4f  |>  1»  fi  %  °^«  ^^ 
faces  can  occur  on  any  crystal  of  anglesite,  the  ratio  of  the  parameters  of  whidi 
cannot  be  expressed  by  numbers,  which,  like  the  preceding,  are  aliquot  parts  or 
multiples  of  those  of  the  type  fonn.  The  symbol  oc  implies  that  the  distance  at 
which  the  face  measured  along  the  axis  a  sliould  cut  that  axis  is  infinite,  or  in 
other  words  is  parallel  to  it.  This  beautiful  law  of  form  represents  Dalton's  Isv 
of  multiple  proportion  by  weight,  and  Gay-Lussac's  law  of  multiple  proportioa  lA 
combinations  by  volume. 

Fig.  18  represents  three  co-ordinate  axes.     The  series  of  triangles  repressBi 

a  number  of  faces  cutting  the  three  half-axes.  la 
order  to  simplify  the  figure,  the  secondary  axes  art 
supposed  equal — that  is,  the  faces  to  belong  to  ths 
di metric  system,  in  which  only  one  axis  varies,  while 
anglesite  belongs  to  the  rhombic  system'  Tlie  pei*- 
meters,  6  and  c,  are  equal,  while  the  parameters  m  a, 
m'Of  m'a,  etc.,  are  1,  4*  i»  etc.,  of  c,  or  2,  S,  eta, 
times  c, 

6.  The  Law  of  Crystalline  Combixuiiioii. — 
This  law  is  the  consequence  of  the  Law  of  Symmetry, 
and  tlie  Law  of  the  Rationality  of  the  Parameters  of 
Crystalline  Series,  and  has  been  partially  stated  In 
describing  those  laws.  It  may  be  thus  expressed  :— 
1.  A  substance  can  only  crystallise  in  forms,  whetlMf 
simple  or  compound,  which  have  the  same  relative 
symmetry,  that  is,  belong  to  the  same  crystallins 
system,  and  the  parameters  of  the  faces  of  which  beer 
a  simple  relation  to  each  other,  that  is,  belong  to  the 
same  series  ;  2.  A  form  cannot  be  modified  by  fSaoes 
belonging  to  a  different  system  or  a  different  series. 
There  are  some  exceptions  to  the  first  part  of  this 
law,  which  will  be  described  under  AUotropy  or 
Polymoqihism. 


Fig.  18. 


*  TMorU  dt  la  doubM  lUfraction  dt  la  iMViitn  dan$  U*  tubitaneei  eryftoUMec    Far  B.  L. 
Mains.    Paris,  1810,  p.  122. 
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CryBtallogenesici. — Crj-stals  can  only  be  formed  when  the  chemi- 
molecules  are  free  to  arrange  themselves  into  crystalline  moloeiik's. 
The  procesi*eij  by  which  they  can  be  formed  artificially,  and  by  which 
tiiere  can  Ije  no  doubt  they  were  formed  naturally,  may  Ihj  classified 
Under  three  head^i  : — 1.  Solution  ;  2.  Fusion  ;  and  3.  Sublimation. 

Soluiiun. — By  solution  is  to  be  understood  solid  iKxlies  dissolved  in  a  sul>- 
i^anoe  vhich  is  permanently  liquid  at  ordinary  tein]>eratures,  such  as  water,  which, 
vith  periiapi«  very  few  rare  exceptions,  is  tlie  only  solvent  used  in  the  natural 
■sraiatxon  of  crystahi  at  oniinary  or  moderate  temperatures.  Wlien  a  number  of 
^emical  aubstanfeii,  one  of  wliich  pre«lonnuates  in  mass,  are  fusetl  together,  the 
haed  nujss  may  lie  considered  in  a  certain  sense  as  a  solution  of  those  in  small 
qsantity  in  the  more  abundant  one.  But  it  will  be,  for  obvious  reasons,  more 
DMivenient  to  contiue  the  term  solution  to  the  result  of  the  dissolution  of  solid 
bodies  in  water  or  other  liquids. 

Nearly  every  sulistance  in  nature  is  perhaps  soluble  to  some  extent  in  water  ; 
bst  while  Mime  may  be  able  to  dissolve  in  their  own  weight  of  it,  others  rec^uire 
UTcrmI  mini«.in  times  as  much.  Ap^iu,  some  are  cajtable  of  existing  in  a  very 
■tinble  and  aI»o  in  a  difKcultly  soluble,  or  what  is  culled  in  practice  an  insoluble 
mate,  of  which  we  ^hall  sjieak  under  Allotropism.  Tlie  separation  of  crystals 
Bom  Sfjlutionri  Ls  influenee<l  by  a  great  many  causes,  such  as  the  temperature  of 
Ihe  »>lation  and  the  variations  of  temperature,  hyj;rometric  state  of  the  air, 
th/t  more  or  less  rapid  renewal  of  air,  i)ressure,  <legree  of  coiu>entration,  rapidity 
Dr  >lowne5»s  of  the  ev.i|M">nition,  the  state  of  rei)Ose,  etc.  Tin.*  temperature  of  the 
feoluti-jn,  the  depth  of  the  solution,  the  surface  of  the  containing  vessel  or  cavity, 
the  i^inilk'n  where  the  cry.ttal  In'gins  to  form,  also  influence  the  form  of  the 
erriital,  the  motlitirations  which  CK-cur  on  each  crystal,  their  nuNie  of  grouping, 
ftod  their  imiHTfc-i'tion'i.  Thus,  crystals  formed  on  the  surfa<.'e  of  a  solution,  and 
tohich  ban;;  down  in  the  fluiil,  are  generally  of  large  size,  but  if  they  are  tenni- 
fea««il  by  pyramidal  ends,  the  latter  are  shortene<l  and  badly  formed  ;  those  which 
brm  <HD  the  Untom,  and  project  into  the  solution,  are  generally  ri'gular,  and  the 
U  art  abio  bi-tti-r  fonne<l  ;  those  whioh  grow  on  the  sidfs,  develop  the  ujiper 
xn-'Te  than  the  lower.  Again,  if  crystals  of  a  different  substance  si'purate 
■ft<-nrar>I^,  they  will  deijosit  on  the  previous  ones  in  a  <Iifferent  way,  acconiiiig  as 
khey  ;rrow  on  the  I»ottoni,  sides,  or  top. 

Crj-staU  forme  1  in  fine  non-<'ohereut  matter  in  suspension,  do  not  appear  to 
difler  in  f>>rTJi  fmm  those  whicii  grow  in  {lure  solutions.     Susinrnded  matter  Honie- 
retards  the  formation  of  crvstals.     Crvstals  formed  in  deiMisited  sediments 
more  re^Iar  and  le<is  mtNlified  than  in  pure  solutions  ;  if,  however,  the  solu- 
}ni  Ktrtjng,  the  faces  are  h(»ll«>wed  and  imi»erfect.     The  particles,  when  not 
coherent — as,  for  instance,  fine  sand — are  moved  in  o>K?dience  to  the  crystallising 
lofFre,  and  become  R-g^^^rly  fliH|>erNe<l  through  the  crystal.     In  this  way  the  tes- 
i»Cat«d  structure  of  the  variety  of  andalusite  known  as  chiastolite,  and  of  some 
hinda  *A  tdaurotide,  may  >>e  accounted  for.     The  curious  concretions  formed  in 
Ifa*  Frintaiuebleau  saml  by  the  infiltration  of  a  solution  of  cahic  carbonutv,  or 
etrtpjnate  *jf  lime,  in  water  containing  carlnjuic  acid,  in  which  a  small  <|uantity  of 
thftt  «4lt  builils  up  regular  rhomlNihedrons  by  cementing  together  a  large  tjuaiitity 
Af  land,  iJi  another  example.     The  rock  known  as  (^uartz  rtK-.k  appears  to   l>e 
%vuxz  sant\  cementefl  by  a  small  quantity  of  fels{»ar.     The  planes  of  fnu-ture,  or 
jf«it»  ijf  this  rock,  seem  to   Imj  all   jiarallel   to  faces  of  the  crystalline  series  of 
oc*Jk'-*la.*^,  and  often  give  pieces  which  may  l)e  reganJe«l  as  felspar  crystals. 

M.  bf^U'iant  has  shown  that  crystals  formed  in  gelatinous  matter  suffer  fewr,  if 
ay,  mmlitications.  The  crystals  so  formed  are  generally  isolated,  well  defined, 
K&i  regular.     This  fact  is  o(  cou^jdvrab/e  gcoJo^n'cul  intercut.     Thufl  we  often  tiud 
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doubly-terminated  crystals  of  quartz  in  certain  clay  deposits,  especially  ii 
which  are  sometimes  mineralised.  Their  occurrence  consequently  prores  tl 
clay,  or  clay-like  mineral,  had  been  in  a  more  or  less  gelaUnous  stat 
deposited  from  water. 

The  presence  of  other  chemical  substances  in  the  solution  aho  app4 
influence  the  forms  of  the  crystals,  even  where  they  do  not  combine  wi 
body  crystallising.  Thus  alkaline  carbonates  appear  to  cause  calcic  carbon 
carbonate  of  lime,  to  crystallise  in  rhombic  forms  as  arragonite  at  ordinal 
peratures,  while  it  crystallises  in  forms,  of  the  hexagonal  system,  from  pni 
tions,  under  the  same  conditions.  Alum,  which  crystallises  usually  in 
slightly  truncated  on  the  edges,  yields  a  combination  of  the  cube  and  octa 
in  nitric  acid  ;  and  the  cube  with  bevelled  edges,  that  is  with  faces  of  the  U 
hexahedron  or  four-faced  cube,  in  hydrochloric  acid.  If  a  salt  crystallL^es 
a  solution  containing  several  other  crystallisable  salts  incapable  of  chei 
combining  so  as  to  produce  a  homogeneous  crystal,  the  crystals  form* 
frequently  modified.  Thus  common  salt,  which  crystallises  in  cubes  fron 
solutions,  crystallises  in  cube  octahedrons  from  a  solution  containing  boraci 
of  which  examples  are  found  in  nature  in  the  Stassfurth  salt-deposit, 
some  salts  in  crystallising  have  the  faculty  of  carrying  with  them  a  more 
considerable  quantity  of  the  other  salts.  Leblanc  obtained  crystals  havi 
form  of  ferrous  sulphate,  which  contained  half  their  weight  of  cupric  sal 
Beudant  obtained  similar  crystals  containing  85  per  cent  of  sulphate  of  zinc 
others  containing  97  per  cent  of  sulphate  of  copper  of  zina 

Professor  T.  P.  Cooke  of  Harvard  College  has  described  a  remarkable  ei 
of  the  same  kind.  Zinc  and  antimony  form  two  definite  crystalline 
Sb2Zn''3  and  Sb,Zn'|.  The  former  crystallises  in  long  acicular  prisms  from  i 
alloy  of  those  metals,  containing  42*8  per  cent  of  zinc.  If  the  quantity  < 
be  gradually  increased,  the  same  kind  of  crystals  continue  to  be  formed, 
diminishing  perfection  and  size,  up  to  and  even  beyond  60  per  cent  of  zinc, 
most  perfect  crystals  contained  from  42*88  to  43*15  per  cent  of  zinc.  . 
quantity  of  zinc  in  the  mixture  was  increased,  the  proportion  in  the  c 
increased  also.  Definite  crystals,  containing  as  much  as  55  per  cent,  were  ol 
in  this  way  from  an  alloy  containing  60  per  cent  of  zinc — that  is,  12  p( 
more  than  the  normal  proportion.  When  the  percentage  of  zinc  fell  bel 
the  alloy  Sb^n",,  crystallised  in  broad  plates,  containing  33*62  per  cent  o 
These  crystids  were  most  perfectly  fonned  in  an  alloy  containing  29*50  o 
When  the  proportion  of  zinc  was  diminished,  the  broad  plates  were  still  f 
even  in  a  mixture  containing  only  20*12  per  cent  of  zinc.  The  crystals  rep: 
ing  the  typical  formula  Sb,Zn%,  could  contain  an  excess  of  zinc  or  of  ant 
the  limits  of  those  analysed  being  fh)m  35*37  per  cent  of  zinc  to  24*83,- 
excess  of  antimony  of  1*75  per  cent,  or  of  zinc  of  8*79  per  cent.  The  cryj 
the  typical  formula  Sb,Zn  ,,  could  only  crystallise  with  an  excess  of  zi 
limits  of  the  crystals  analysed  being  from  42*83,  the  normal  composition  to 
per  cent  of  zinc,  or  an  excess  of  21  '32  per  cent.  Perfectly  definite  cryst 
not,  however,  contain  more  than  55  per  cent  of  zinc,  or  an  excess  about 
cent 

This  chemico-mechanical  association  of  several  bodies,  with  the  conserva 
the  crystalline  form  of  one  of  them,  is  of  the  highest  importance  in  mine: 
for  it  shows  the  extent  to  which  the  chemical  constitution  of  a  crystalline  i 
might  deviate  from  the  normal  type.  It  proves,  in  fact,  that  a  crystal  i 
built  up  of  different  chemical  molecules,  without  any  real  chemical  comb: 
taking  place.  The  crystal,  however,  is  subject  to  modification  in  growing 
such  circumstances.  Thus  crystals  of  ferrous  sulphate  are  rhombohed: 
mixed  with  cupric  sulphate  ;  rhombohedrons  truncated  on  the  hexagonal  ai 
mingled  with  magnesic  or  zincic  sulphate  ;  and  truncated  on  the  other  an 
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iminic  fnlphate.     Hanj  of  the  phenomena  at  one  time  attributed 

a  belong  to  this  category,  as  was  first  suggested  by  Frankenheim. 

pound  crystals  the  different  molecules  appear  to  be  built  up  in 

in  the  crystals.     This  is  shown  by  the  fact  that  a  very  small 

imonia-alum  gives  to  common  potash-alum  the  property  of  lamellar 

phenomenon  due  to  the  successive  layers  of  the  two  salts.     Again, 

up  of  such  mixtures  are  usually  opaque,  even  when  the  constituent 

^ansparent  crystals  alone.     The  angles  of  compound  crystals  also 

s  to  the  extent  of  degrees.     It  is  especially  in  cleavage  that  the 

re  in  crystak  is  most  marked.     It  rarely  happens  that  the  planes 

through  the  successive  layers  as  regularly  as  it  does  in  the  crystals 

bstance.    While  one  of  the  planes  of  cleavage  may  be  exactly  of  the 

r  as  in  the  latter,  others  are  found  to  be  uneven,  unequal  in  lustre, 

:ult  to  be  attained. 

cal  investigations  confirm  what  has  been  just  said  about  mixtures  in 
las  been  found  that  almost  all  crystals  contain  hollows  or  pores, 
nd  some  filled  with  foreign  matter.  These  hollows  are  of  different 
agh  not  in  general  regularly  distributed,  they  sometimes  occur 
h  other  within  the  crystal — thus  showing  the  successive  growth  of 
The  hollows  are  sometimes  large  enough  to  be  seen  by  the  naked 
najority  are  microscopia  Quartz  is  especially  remarkable  for  the 
es  distributed  through  the  whole  mass  of  the  crystal ;  some  being 
0001  of  a  millimetre,  or  the  0 '00003937th  of  an  inch.  Some  of 
•pear  partially  filled  with  liquid.  The  existence  of  cavities  contain- 
rock-crystal  attracted  the  attention  even  of  Roman  poets.  Among 
;  of  the  first  who  devoted  real  attention  to  the  existence  of  cavities 
Valances  was  Rome  de  I'lsle.  Brewster  also,  by  his  papers  on  the 
az  cr}'8tal3,  directed  attention  to  the  importance  of  the  subject, 
y  from  the  microscopic  researches  of  Sorby,  Zirkel,  and  others,  that 
s  become  of  the  highest  importance  to  the  geologist.  The  study  of 
iructure  and  foreign  mixtures  in  crystals  is  the  surest  means  to 
mfxle  of  formation  of  crystalline  rocks.  The  cavities,  when  they 
are  generally  only  partially  full,  the  rest  of  the  space  being  filled 
>nie  cr^'stals  the  fluid  is  water,  but  carbo-hydrogens  appear  also  to 
u  the  latter  case  the  gas  may  be  marsh-gas.  The  gas  in  the  cavities 
ve  salt  of  Wieliczka  was  shown  by  Dumas  to  contain  carburetted 
>rby  has  used  the  proportion  between  the  space  in  the  cavities  filled 
til  at  of  the  whole  cavity,  to  determine  the  probable  temperature  at 
^tals  were  formed.  While  there  can  be  no  doubt  that  the  existence 
ies,  partially  filled  with  fluid,  proves  that  the  crystals  must  have 
t  a  low  temperature,  the  detemiiuations  of  temperatures  made  with 
it  be  received  with  great  caution,  inasmuch  as  such  partially-filled 
ometimes  formed  in  crystals  separating  from  even  cold  solutions 
t  carbanhydride  or  carbonic  acid  gas. 

Iso  often  contain  other   minerals   enclosed.      The  most  frequent 
erals  or  perimorphs^  are— quartz,  calcite,  fluorspar,  barytes,  felspar, 
c. ;  and  the  most  frequent  enclosed  minerals,  or  endomorphsj  copper 
•yrites,  gothite,  asbestos,  and  chlorite.     The  terra  Parageneaia  has 
ndicate  this  kind  of  association  of  minerals.     It  is  only  lately  that 
Lance  has  begun  to  be  appreciated  by  geologists. 
If  a  crystallisable  simple  body,  like  sulphur  or  bismuth,  or  some 
>und  not  easily  decomposed  by  heat,  be  melted,  and  then  allowed  to 
»wly  cooling,  the  mass  will  exhibit  crystalline  structure.     If  cooled 
nass  will  be  often  so  compact  that  this  structure  will  not  ^  so 
hUe  the  mass  is  solidifying,  the  still  fitdd  part  in  the  interior  be  rapidly 
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removed,  the  carity  left  will  be  found  full  of  crystals.  It  is  in  this  way  crystal 
of  those  bodies  are  obtained.  The  removal  of  the  liquid  portion  of  a  crystaUisiBg 
mass  from  about  the  first-formed  crystals  could  only  occur  in  nature  under  nrf 
exceptional  conditions.  In  general,  where  we  find  in  nature  crystallised  Toda  df 
undoubted  igneous  origin,  the  crystals  have  separated  from  a  fused  mass  of  com* 
plex  composition,  which  acts  as  if  it  were  a  solution.  If  the  unsolidified  nuMS  in 
which  the  crystals  form  be  thick,  like  fused  glass,  the  ciystals  will  not  sink 
through  it ;  and  if  it  continues  in  a  thick  condition  for  a  long  time,  at  the  poink 
at  which  crystals  can  just  form,  large  crystals  may  be  formed  which  will  appair 
scattered  through  a  crystalline  mass  of  a  more  or  less  dififerent  composition,  wUak 
may  be  compact,  or  crypto-crystalline,  or  formed  of  an  aggregate  of  small  crystak. 
Such  are  the  rocks  called  porphyries,  some  of  which  were  so  formed  ;  but  othsn 
may  never  have  been  fused  at  alL  Crystals  separating  from  such  a  mass  eany 
with  them  some  of  the  other  constituents  of  the  fused  mass,  in  the  same  way  thai 
salts  separating  from  solution  in  water  carry  with  them  more  or  less  of  the  other 
salts  present  It  is  in  this  way,  no  doubt,  that  aluminous  augites  and  hom- . 
blendes  are  formed  in  the  midst  of  a  felspar  mass  in  true  igneous  rocks.  At  a 
certain  stage  of  thickness  of  the  fused  mass  it  must  act  towards  the  cryatals  fons* 
ing  in  it  much  in  the  same  way  as  gelatinous  deposits  do  to  crystals  formed  in  tha 
wet  way — namely,  to  produce  isolated  crystals  of  comparatively  simple  foims. 

The  experiments  of  Ebelraen  bear  out  fully  what  has  been  just  stated,  m 
well  as  the  earlier  ones  of  Bei-thier.  By  means  of  fluxes,  such  as  boradc  add, 
SHlic  silicate,  etc,  but  especially  the  former,  in  which  he  dissolved  the  materiab 
at  the  continuous  high  temperature  which  he  was  able  to  command  in  the  pone** 
lain  furnaces  at  Sevres,  he  succeeded  in  producing  crystals  of  the  hardest  and  mort 
infusible  substances,  such  as  quartz,  corundum,  spinel,  emerald,  etc  These  wot 
formed  sometimes  by  simple  decomposition,  with  the  separation  of  one  of  the  nsv 
bodies  in  a  crystalline  form,  just  as  so  many  compounds  are  formed  in  aqneoa 
solutions  ;  and  sometimes  by  the  evaporation  of  the  flux.  Thus,  on  introdudng  a 
bit  of  lime  into  fused  borate  of  magnesia,  the  magnesia  was  precipitated  in  trans- 
parent regular  octahedrous,  identical  with  the  Vesuvian  mineral  peridase.  IL 
Oaudin  used  sulphate  of  potash  as  a  flux,  and  by  dissolving  alum  in  it  he  prodooed 
corundum.* 

Sublimaiion. — Crystals  may  be  formed  by  sublimation  in  two  ways — First,  hj 
direct  sublimation  of  bodies  like  iodine,  arsenic,  cinnabar,  etc,  or  by  the  double 
decomposition  of  bodies  in  the  state  of  vapour.  M.  Durocher,  by  acting  npoo  the 
vapours  of  metallic  chlorides  by  means  of  sulphide  of  hydrogen  in  tubes,  heated 
between  the  temperature  of  boiling  water  and  a  dull  red  heat,  obtained  crystals  of 
pyrites,  blende,  sulphuret  of  antimony,  galena.  By  other  reactions  made  in  the 
same  way,  he  produced  magnetic  oxide  of  iron,  specular  iron,  and  indeed  most  of 
the  minerals  found  in  mineral  veins.  M.  Daubree  obtained  analogous  results  by 
acting  on  vajMur  containing  the  radicle  of  the  mineral  he  wished  to  form,  heated 
in  a  tube  to  a  white  heat  with  steam.    Like  M.  Durocher,  M.  Daubree  chie^ 

*  Berthier,  AnnaUt  de  ChimU  et  de  Phjftique,  t  xxiv.  p.  363,  1823.  Ebelmen,  AnnaUi  d* 
ChimUHde  Physiqite,  t.  xxU.  p.  221, 1847  ;  and  t.  xx\'.  p.  279, 1851 ;  AnnaUs  de$  Mine$,  6nie 
Serie,  t.  ii.  p.  859.  Haasmann,  Beitrage  zur  MetaUurgitchen  KrystaUkunde,  Abkand,  d.  Kdni§. 
G^MlUeh.  der  WUsensch.  MuGotHnffen,  vol.  iv.  1850, 5th  vol.  1852.  Von  Leonhard,  HuUeMnmg' 
ni$M,  1858.  Ourlt,  PyrogenntU  kiintaiehe  MiMralieii,  1857.  Gaudin,  Compt.  RetuL  t  xlvL 
p.  705,  1857.  Manross,  ExperimtnU  on  the  Artificial  Production  of  MinnxiU,  Odttingen, 
1862,  and  Annalen  dcr  Ckemie  u.  PhamuuHe^  Bd.  Ixxx.  p.  348,  1852.  Breithaupt,  Die  Para- 
genesit  der  MineroUien.  Sdchting,  Die  Binschliuee  von  Mineralien,  1860.  G.  Rose,  Ueler 
die  Keteromorphen  Zurtdnde  der  Koklensauren  Kalkerde,  Abhandl.  d.  AkadenL  mu  Berlin,  1856, 
1858.  Sorby,  "  On  the  Microscopical  Structure  of  Crystals,"  etc. ,  Quarterly  Joum.  cfGeolog. 
Society,  1858,  p.  453,  and  several  other  valuable  memoirs  in  the  same  journal. 
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produced.    All  prinoi  are  cq«ble  of  ummiDg  Uiis  Bdralar  fonn.    Or  tlic  gnnd 

of  the  priam  miy  take  pUce  in  th«  dlrectioD  of  thi  Moandiry  aias,  by  whfi 
tabular  or  lamellar  crytMa  amy  be  formed.  Aa  niigbt  be  expected,  it  ia  Only  li 
cryatali  belonging  tu  tbe  syiiteme  with  Tariable  aiea,  that  an  inbject  to  thi 
modea  of  growth.  Sometime!i  erystali  are  beot  >o  aa  to  form  a  regular  oom 
quartz  and  berj'l  are  often  bent  in  this  way,  u  if  they  had  been  aul^ect  to  pa 
preaaure  obliqnely.  Quart!  cryitali.  and  aometimes  beiyli,  are  found  with  ooat 
more  edges  prased  flat,  aa  if  chamfered  off ;  and  some  are  found  which,  a  Aa 
way  above  the  root  of  the  crystal,  aie  preased  out  unevenly  into  a  thinner  ujiU 
Like  the  enclosana  of  cryataJs,  these  imperfections  are  of  contidetable  impoitMl 
to  the  geologist  in  connection  with  petzx}geneaia,  or  the  formation  of  rocka. 

THuni.— Cryatalline  molecules  often  combine  to  form  ayatema  of  two,  thM 
or  more,  which  become  the  uuelci  of  double,  treble,  etc,  crystala.  A  doall 
crystal  ia  called  a  twin.  Twins  are  eometimes  classified  into  matagenic  aulpM 
genie  :  the  former  are  those  in  which  the  individual  cryatala  hare  a  oomat 
centre  ;  the  paragenic  those  in  which  the  fndividoal  crystals  have  not  a  conux 
centre.  When  a  matsgenic  twin  is  composed  of  two  half-crystals  twisted  hi 
round  on  a  common  aiis,  it  ia  called  a  hemitrope.  When  two  crystala  peBatnl 
each  other,  but  so  that  they  are  in  difl'ennt  positions,  it  is  called  an  iuoaenlatli 
twin.  Thus,  two  cubes  are  often  found  inoacuUting,  the  heiagonal  axil  4 
diagonal  of  one  coinciiling  with  the  tetragonal  aiia  of  another,  and  consaqn^d 
projecting  from  the  centres  of  tbc  faces  of  the  other.  Some  psrsgenjc  tvim  Am 
an  angle  with  each  other,  like  the  knee-joint ;  they  sre  hence  called  genicnlai  twia 
Prismatic  matsgenic  twins  aometimea  form  Latin  or  Qreek  crosses,  which  ■ 
chaimcteristic  of  some  minerala.  Some  crystala  are  often  made  up  of  aa  manyi 
ail  individuals.  The  plane  along  which  the  individual  cryatala  of  a  twin  joi^  j 
called  the  twin  plane,  and  ia  always  parallel  to  a  face  of  the  crystal,  or  to  «i 
which  can  occur  in  the  aeries,  and  very  often  to  that  of  the  type  or  riiiiilaiiiiati 
form  of  the  aeries.  Twin  cryetali,  eapecially  of  those  anbatancea  which  MM 
chiefly  in  prismatic  forms,  are  consequently  of  great  vsltie  to  thi 


Fig.  IB  is  a  hemitrope  of  spinel ;  Fig.  SO  ia  a  hemitrope  of  caasiterite,  or  oik 
of  tin  ;  both  are  also  matagenic.  Pig.  21  ia  an  example  of  an  inoacnlating  twfo 
Fig.  22  is  a  genicular  twin  of  nitile.     The  twin  piano  is  well  marked  in  Fig.  Si 

The  Buccessive  building  up  of  large  crystals  is  sometimes  shown  by  the  laya 
being  of  different  colour ;  or  occaaionally  by  a  amali  ciyatal,  often  coated  wil 
small  eryatalline  scales  of  some  other  mineral,  forming  a  nucleus  around  which  hi 
grown  a  larger  crystal  in  auccessive  ahells.  Each  shell  appears  to  represent 
period  of  growth  which  was  interrupted  by  some  cause,  the  fully-formed  coale 
nucleus  marking  a  considerable  interval  during  which  a  change  t<>ak  place  in  tt 
fluid  in  -which  the  crystal  grow.  Fluor-spar,  quarti,  Idocrase,  and  epidota,  ai 
espedaUy  characterised  by  this  growth  in  successive  shells.    Some  large  crfeta 
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m  to  l-e  made  up  of  a  regnlar  aggregation  of  small  crystals,  in  part  similarly, 
fart  differently  shaped  crystals  of  the  same  substance,  which  have  grown 
gnher  in  parallel  position.  Sometimes  the  different  forms  become  enclose^!,  so 
it  a  face  of  the  big  crystal  often  looks  like  a  mosaic,  in  consequence  of  the 
Hi  of  the  small  crystals  inserted  in  the  face  having  a  different  lustre  from  the 
A  Lai^  crystals  of  felspar  and  lime  garnets  often  show  tliis  polysyuthetic 
vveknre,  especially  when  they  begin  to  decay.  This  kind  of  combination  is  not 
ft  V  confounded  with  twin-growth,  which  produces  striae. 

Tbe  regular  association  of  crystals  just  mentioned  is  sometimes  to  be  found 
■i^  different  kinds  of  minerals.  Among  tlie  most  remarkable  examples  of  this 
■  tknoion  of  the  crystals  of  kyanite  and  staurolite  ;  the  latter  often  look  like  a 
Jltiumtion  or  a  different-coloured  part  of  the  fonner.  Graphic  granite  is  another 
teapje  of  the  same  phenomenon.  The  mineral  smaragdite  is  a  curious  polysyn- 
Mk  growth  of  hornblende  and  augite,  first  described  by  Haidinger. 

CrTStallo-FhyBics. — Although  the  physical  properties  of  crystals, 
M  the  influence  of  crystalline  form  upon  the  physical  forces,  consti- 
tate  a  lai]ge  part  of  physics,  we  can  only  refer  here  to  a  very  few 
llienomena  connected  with  this  section  of  crystallology. 

Opdenl  Properties. — In  monometric  crystals  the  crystallographic  axes  are  also 

feM  of  equal  elasticity,  light  is  refracted  equally  in  every  direction  through  them, 

^  only  one  image  is  seen  through  them.     In  dimetric  and  hexagonal  crystals, 

h«  irrtD<;enient  of  the  molecules  along  the  unique  axis  is  different  from  that 

iotg  any  of  the  other  axes.     In  tliat  direction  only  one  image  is  seen,  in  all  other 

ferti</as  two  ;  the  ray  of  light  is  divided  into  two  rays  in  the  crystals  ;  one  of 

k»e  ray<  i>  refracteil  like  ordinary  light,  tlie  other  is  differently  refracted,  and  is 

»Ded  tlie  extraonlinary  ray.     If  the  crystal  be  rotateti,  the  extraonlinary  ray 

Wites  around  the  oniinary.     A  section  of  such  crystals  perpendicular  to  the 

Hicitt  axis  exaiiiineti  by  polarised  light  between  two  plates  of  tourmaline,  shows 

kan;le  coloureil  ring  with  a  white  or  block  cross,  according  to  the  position  in 

■liith  i:  is  exaniine<i.     In  crystals  of  tlie  rhombic  and  clinic  systems,  in  which  the 

*»«  »T*  of  different  length,  tlie  molecules  are  differently  arrange<l  along  each :  the 

fc^lfriilfes  are  always  similarly  arranged  along  equal  and  similar  axc-s.     In  such 

•j'tdl*  a  doulile  image  is  also  seen,  but  the  two  rays  are  extraonlinary,  that  is, 

»ti*.l;fr  .-.f  them  is  refracte<l  like  common  light.     Secticms  of  such  crystals  cut 

P^n^S'lktiJar  to  an  axis  of  s>^nmelry,  give,  when  examined  by  means  of  polariRe<l 

■j4t.  a  system  of  <louble  coloured  rings.     In  the  crystals  of  the  tetragonal  and 

•■^.•^•Dil  sy-jtem — that  is,  those  having  absolute  unique  axes — this  unique  axis  is 

*3»'  ihi?  ojitic  axis  or  axis  of  no  double  refraction  of  the  crystal.     But  in  the 

^»*j1>  of  tlie  rhombic  an<l  clinic  systems,  where  there  is  no  alwolute  unique  axis, 

^  ire  iM,o  ojitic  axes  or  directions  of  no  double  refraction,  which  are  inclined 

*^'iir.TyHt;ill'jgraphic  axis  which  lies  between  tlieiu.     By  means  of  two  plates  of 

^^aline,  the  «ystem  to  which  a  crystal  lielongs  may  be  determined  at  once  if  it 

Vtnitfipanrrit.     llie  angle  between  the  optic  axes  is  also  of  great  use  in  distin- 

Ns i«j  minerals. 

iMntity. — Many  substances  |>ossess  the  same  density  in  the  amorphous  and 
•!*t4i:ine  state,  but,  generally  si>eaking,  the  <lensity  of  a  body  in  the  crystalline 
*««  i<  ',Cn^ter  than  in  the  amorphr)US  ;  so  that,  when  crystals  are  melted  and 
^"^fA  to  nfilidify  into  glass,  they  occupy  more  space  in  the  latter  state  than  m 
^  f.nn*r.  This  is  espef;ially  the  case  with  the  silicates,  the  silicon  bemp, 
•^^^liiij  to  Mohr,*  the  expanding  constituent.  QuarU  iteelf  sinks  from  a  specitic 
•  U,.nluiM  u.  Geinitx's  Journal  fur  Miiuralogie,  1866,  p.  181 ;  Deville,  CompUt  Btndus, 
'■  ^  V-  TC».    Bc-dcker,  Ikzithungen  zwischen  Dkhit  und  ZuMmmenseUvng,  1800. 
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diffemit  fiMet  inflnonoes  alao  the  action  of  water  and  saline  solntioaa 
id  especially  tlie  manner  in  whicii  it  weathers.  The  early  experiments 
howed  that  a  ground  soiface  of  alnm  in  which  individual  crystals  conld 
{raised,  if  placed  downwards  in  water  was  nneqnally  acted  upon,  and  in 
e  the  surface  was  etched,  and  showed  that  the  apjiarently  uniform  mass 
mposed  of  a  mnltitode  of  crystals  cemented  together  hy  a  cement  of 
Allised  matter,  which,  heing  more  readily  acted  upon  than  the  large 
ft  them  in  reliet  The  experiments  of  Leydolt  *  with  hydroflaoric  acid 
and  with  nitric  add  Tapoon  on  amgonite,  show  that  even  crystals 
iar  to  be  simple  are  in  reality  complex  twin  combinations.  Crystals  of 
which  look  to  be  simple  crystals,  are  sometimes  proTsd  by  decomposition 
DOst  complex  composition,  and  to  be  heteromeric  in  a  high  degree,  often 
albtte,  which,  decaying  ont,  leaTes  a  network  of  unaltered  adnlaria  almost 
t,  while  before  the  remoTal  of  the  albite  the  whole  mass  of  the  crystal 
ine.  It  sometiroes  happens  that  parts  of  a  face  of  a  different  crystal 
cemed  inlaid  in  the  fiiee  of  a  big  crystaL  The  face  thus  inlaid  with 
affords  an  excellent  example  of  the  nneqnal  action  of  weathering  and 

« 

fn'n^.— Tlie  weathering  of  most  crystals  containing  water  of  crystallisa- 
.  by  a  dull  spot  forming  on  a  face.  This  gradually  spreads  in  the  form 
or  of  an  ellipsis,  until  it  finally  occupies  iht  whole  face.  Fape,f  who 
gated  these  figures,  found  that  they  are  circles  on  monometric  crystnls. 
Mil  faces  of  the  tetragonal  prisms,  while  on  the  prismatic  faces,  uid  on 
•lal  faces  of  the  same  system,  they  are  ellipses.  On  the  faces  of  trimetric 
-  f^rx'stalH  they  are  ellipses  ;  on  those  of  the  nionoclinic  svHtera  ellipsoids. 
air<iiial  Hy^teiu  he  found  that  the  figures  were  also  circles,  which  is  not 
usiilvring  the  great  symmetry  of  that  system.  Tlicse  figures  may  be 
M  sections  of  a  ^weathering  ellipsoid,"  which  may  be  supposed  to  be 
\k<\  alKkut  the  crystalline  form.  The  diameters  of  the  "  weathering 
r*r  90  related  to  the  axes  that  they  may  be  determined  from  the  relative 
the  latter.  Pape  thinks  that  the  greatest  weathering  must  take  place 
ohnrtest  axis,  >>ecau8e  the  molecular  force  must  be  less  in  that  direction  ; 
■r  wonlti,  that  the  weathering  or  alteration  of  a  crystal  Is  governed  hy 
if  the  axes.  It  is  not,  however,  so  simple  as  this,  and  is  more  probably 
>>y  the  cohesion  or  cleavages.  Tlie  regularity  of  decomposition  in  the 
ir  ^VHteiu  is  shoiku  by  the  manner  in  which  some  large  rhombic  dode- 
of  liiue  garnet  sometimes  weather,  so  as  ultimately  to  leave  almost 
nt  a  framework  of  edges  so  eaten  away  as  to  show  the  direction  of  the 
•Unes  across  the  eilges. 

stallo-ChemiBtry.  —  Isomorphism  and  Homaomorphitm, — 
De  form  is  intimately  connected,  as  Haiiy  always  believed, 
leniical  coni})osition,  so  that,  generally  speaking,  different 
lave  different  shapes.  Many  cases  are,  however,  known, 
wo  or  more  bodies  crystallise  in  the  same  shape.  Corn- 
entity  of  shape  between  different  bodies  appears,  however, 
>nly  possible  in  the  monometric  system.  In  the  mon- 
i^U-ms  the  forms  approach  ;  but  perhaps  in  no  instance  are 
solutely  identical — that  is,  mathematically  members  of  the 
vr'talline  series.     There   is  always  a  slight  difference  in  the 

itridUc  d.  IFinur  Acad.  xv.  69 ;  xix.  10.  See  also  Sir  D.  Brewster,  PkiL  Mag.  1868. 
t  Pugg.  AnnaUn,  voU  cxxiv.  p.  829;  vol.  oxxv.  p.  ilS, 
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values  of  the  angles,  and  consequently  a  sliglit  difference  in  the 
parameters  of  the  similar  faces.  Mitscherlich  called  the  similaritr  of 
form  between  diflferent  bodies  Isomorphism.  That  term  is  now, 
however,  restricted  to  monometric  forms,  and  the  more  correct  term 
Homoeomorphism  applied  to  the  phenomenon  in  the  monaxial  systems. 
Isomorphism  and  Homocomorphism  include  not  only  the  idea  of  the 
same  fundamental  form,  but  also  equal  development  of  faces  and 
zones,  cleavage  and  hardness — that  is,  it  includes  not  only  external 
form,  but  also  interned  molecular  structure.  The  isomorphic  bodies 
that  ftdfil  these  conditions  are  found  to  possess  equal  atomic  volume — 
a  property  first  suggested  by  Kopp,  Schroeder,  and  Dumas — ^and  also 
the  same  atomic  nimiber.  By  atomic  volume  is  meant  the  relative 
size  of  the  atoms  of  different  bodies,  and  is  determined  by  dividing 
the  atomic  weight  by  the  density.  There  are  many  instances, 
however,  of  two  bodies  crystallising  in  shapes  which  are  either 
identical  or  approach  very  close  to  each  other,  but  which  do  not  fulfil 
all  these  conditions.  Several  hypotheses  have  been  put  forward  to 
account  for  these  anomalies,  but  we  cannot  discuss  them  here. 

The  two  fundamental  principles  of  Mitscherlich's  theory  of  isomorphism  are — 
1.  That  the  forms  belong  to  the  same  system,  and  the  same,  or  nearly  the  same, 
crystalline  series  ;  and  2.  That  isomorphic  bodies,  having  similar  functions,  could 
replace  each  other  in  combinations  without  changing  the  forms  of  crystals.  The 
converse  is  also  assumed — that  bodies  possessing  analogous  functions  are  also 
isomorphous.  Analogy  of  chemical  formulae  does  not,  however,  imply  identity  of 
figure,  except  where  there  is  also  physical  analogy.  Hence  the  faculty  of  chemical 
replacement,  though  still  admissible,  is  by  no  means  so  to  the  extent  contemplated 
by  Mitscherlich. 

Jsogonism. — Laurent  endeavoured  to  set  aside  Mitscherlich's  first  principle, 
that  isomorphic  bodies  should  belong  to  the  same  system,  by  suggesting  that  two 
bodies  belonging  to  two  different  systems  might  be  considered  as  isomorphic  when 
their  angles  approached  very  closely.  This  opinion  has  been  more  or  less  adopted 
by  several  mineralogists,  and  the  term  isogonism  has  been  applied  to  this  modified 
view  of  isomorphism.  Here  the  value  of  the  angles  alone  is  taken  into  considers- 
tion,  and  the  most  important  of  all  the  laws  of  form  connected  with  chemical 
composition — the  rationality  of  the  parameters,  and  the  general  relations  of  the 
axes — are  overlooked. 

Heieromerism  or  Plesiomorphism. — The  chemical  replacement  of  isomorphic 
bodies  has  also  received  an  important  modification  by  Hermann's  doctrine  of 
heteromerism,  or  what  Delafosse  calls  plesiomorphism.  According  to  this  doc- 
trine, crystals  may  be  divided  into  three  categories  : — 1.  Normal  ciystaU,  consti- 
tuted of  molecules  qualitatively  and  quantitatively  alike  ;  2.  Isomorphic  crystals, 
composed  of  molecules  represented  by  analogous  formulte,  but  containing  one  or 
more  different  chemical  atoms  ;  3.  Heteromeric  crystals,  or  crystals  consisting  of 
molecules  represented  by  different  formulae.  Hermann,  as  will  be  seen  from  tiiis, 
does  not  exclude  isomorphism,  but  he  looks  upon  minerals  like  mica,  garnets, 
tourmaline,  and  others,  characterised  by  persistence  of  crystalline  form,  and  varia- 
tion of  chemical  composition  within  comparatively  wide  limits,  not  as  chemical 
compounds  containiag  isomorphic  constituents,  but  as  variable  mixtures  of  isomor* 
phic  molecules.     He  also  admits  that  molecules  of  different  crystalline  systems, 
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iriien  thej  hxtt  the  same  eztenal  fonn,  and  differ  very  little  in  their  angles,  may 
enter  into  the  compoeition  of  the  same  crystal  This  is  adopting  lAurent's 
isogonism,  hat  in  a  much  more  restricted  sense.  This  classLQcation  of  crystals  is 
in  perfect  aooordaiice  with  all  the  known  facts  of  crystallology,  and  affords  a  more 
ntisfactory  and  rational  explanation  of  the  anomalies  of  crystals  than  the  original 
theory  oi  isomoiphiAm.  When  describing  the  minerals  of  the  silicate  class,  we 
shall  have  an  opportonity  of  explaining  the  doctrine  of  isomorphism  from  the  point 
d  fiew  of  the  present  chemical  theory.  * 

Polymorphistn. — Some  bodies  are  capable  of  existing  in  several  incompatible 
forms — that  is,  forms  belonging  to  different  crystalline  series.  This  property  is 
caDed  dimorphism  when  the  sabstance  crystallises  in  two  forms,  trimorphism  in 
three  forma,  and  generally  polymorphism.  In  most  cases,  the  crystalline  series 
to  which  the  polymorphic  forms  of  a  body  belong  are  of  different  systems,  but 
sometimes  they  belong  to  the  same  system.  Natural  crystals  of  sulphur,  and 
those  formed  from  solution,  have  the  form  of  the  rhombic  octahedron,  or  deriva- 
tires  of  it,  and  belong  to  the  trimetric  or  rhombic  system.  They  have  a  specific 
gravity  of  2*05,  and  melt  at  the  temperature  of  114*5*'  Cent  (2381''  Fahr.) ; 
artificial  crystals  formed  in  melted  sulphur  are  modifications  of  monoclinic  prisms, 
having  a  specific  gravity  of  1*98,  and  a  melting  point  of  120'*  Cent.  (248'*  Fahr.) 
This  example  shows  that  the  physical  properties  of  polymorphic  bodies  are  essen- 
tklly  different.  Ferric  disulphide  crystallises  in  the  monometric  system  as  iron 
pvhtes,  having  a  specific  gravity  of  5*0  to  5*2,  and  in  the  trimetric  system  as 
marcasite,  having  a  specific  gravity  of  4*65  to  4*88.  Calcic  carbonate  crystallises 
in  the  hexagonal  or  rhombohedral  system  as  calcite,  having  a  specific  gravity  of 
2*7*2,  and  in  the  rhombic  system  as  arragonite,  sp.  gr.  2*92  to  2 '96.  Titanic 
dioxide  affords  an  example  of  trimorphism  ;  it  crystallises  in  two  distinct  series 
in  the  dimetric  system  as  anatase,  sp.  gr.  3'8  to  3*93,  and  rutile,  sp.  gr.  4*2  to 
4'3;  and  in  the  trimetric  system  as  brookite,  sp.  gr.  3*83  to  3*95.  Polymorphism 
belongs  to  the  more  general  phenomena  of  allotropism. 

Allotropism — ^the  Qlassy  and  Colloid  States.  —  Many  sub- 
sUnces,  when  melted  and  allowed  to  cool,  solidify  into  what  is 
termed  glass.  Glasses  generally  possess  many  of  the  physical  properties 
of  monometric  crystals,  except  that  there  is  no  limitation  of  form,  and 
above  all  no  trace  of  cleavage.  The  density  too  is  always  less  than 
when  the  same  matter  exists  in  the  crystalline  state.  Melted  glass, 
when  dropped  into  water,  solidifies  in  such  a  way  that  all  the  particles 
are  in  such  a  state  of  tension  or  strain,  that  if  a  small  bit  be  broken  off, 
or,  if  it  be  scratched  with  a  file,  it  falls  to  powder  with  a  slight 
explosion.  The  well-known  toy,  called  Prince  Rupert's  Drop,  is 
nttie  in  this  way.  When  heated  glass  is  cooled  rapidly,  it  is  always 
more  or  less  in  a  state  of  strain,  and  exhibits  optical  phenomena  some- 
what similar  to  those  of  the  less  symmetrical  crystals  ;  but  the  pheno- 
mena yanish  if  the  glass  be  heated  and  slowly  cooled.     When  subjected 

•  Tnnkenbeim,  System,  der  KrytuaU,  1842 ;  Baff,  Kopp,  Zaraminer:  Uhrbuch  dtrphyH- 
bOimiken  imd  tiu<yretiteKen  ChemU ;  Kopp,  Pogg.  Ann.  vol.  xlvii.  p.  133 ;  vol.  lU.  pp.  243,  262. 
i««ate»  der  Chemu  u.  PhamaeU,  ISdS,  cxv.  871.  SchrOder,  Pogg.  Ann.  1.  p.  659.  Dana, 
NHman't  Jamm.  ISfiO,  ix. ;  also  bia  paper  *'  On  the  HomoeomorphiBm  of  Mineral  Species," 
ibid.  18S4.  B.  Hermann,  HeUromera  Mineral-System,  2d  ed.  1860.  Marignac,  Ann.  de  Chimie, 
18^  Ixix.  5.  TMhermak,  Utber  die  Peldapathe,  Sitxungsberiehte  d.  Acad.  d.  Wia$en$ekajten, 
ITir*.  1S66.  Lanrent,  Compe.  Rend.  vol.  xxvli.,  p.  134.  Zehme,  Schulprogramm,  Uagen,  1850. 


48  GEOGNOSY. 

to  pressure,  similar  phenomena  are  produced,  and  vanish  when  the 
pressure  is  relieved.  In  monaxial  crystals,  the  position  of  the  molecules, 
which  gives  rise  to  the  optical  phenomena  special  to  each  crystal,  is  per- 
manent, and  not  relieved  by  cleavage  ;  it  belongs  to  every  part  of  the 
crystal. 

Gloss  has  no  fixed  melting  point —  properly  speaking,  it  does  not 
melt  at  all,  but  passes  through  various  stages  of  softening.  If  kept  for 
a  considerable  time  at  the  point  of  incipient  softening,  it  undexgoes 
what  is  called  devitrification,  first  observed  by  Reaumur.  This  con- 
sists in  a  passage  into  the  crystalline  state  ;  during  the  change  the 
specific  gravity  increases,  and  there  is  a  corresponding  diminution  of 
volume.  The  glassy  state  is,  therefore,  an  intermediate  stage  of  the 
solid  state  between  the  fluid  and  the  true  solid — that  is,  the  crystalline 
state.  The  process  of  devitrification  has  considerable  geological  interest, 
because  it  is  probable  that  most  of  the  compact  or  finely  crystallised 
basalts,  diorites,  etc,  were  formed  in  this  way  ;  while  such  porphyries 
as  are  really  of  igneous  origin  must  have  been  formed  at  a  much 
higher  temperature.  When  basalt  is  melted  and  allowed  to  cool  in  the 
air,  it  forms  a  black  glass-like  substance ;  when  kept  for  several  days  at 
a  high  temperature,  it  begins  to  devitrify,  small  radiating  crystals  being 
formed  here  and  there  through  the  mass.  When  the  whole  mass  is 
devitrified,  it  is  not  unlike  the  original  stone. 

Gums  represent  to  a  certain  extent  the  glassy  condition  of  other  kinds  of 
matter,  and  help  to  connect  glas8  with  the  colloid  or  gelatinous  condition  of 
matter.  Bodies  that  exhibit  no  trace  of  cr}'8talline  structure  are  said  to  be 
amorphous,  and  may  be  divided  into  soluble  and  insoluble  amorphous  bodies.  The 
soluble  includes  two  classes — namely,  those  that  do  not  gelatinise,  and  those  that  do. 
The  non- gelatinising  soluble  amorphous  bodies  may  also  he  subdivided  into  two 
kinds  : — 1.  Those  which,  like  gum-arabic,  dissolve  in  water,  and  may  he  recovered 
again  from  solution  more  or  less  unchanged  ;  and  2.  Those  which,  like  albumea, 
dissolve  in  water,  and  may  be  recovered  with  unchanged  properties,  provided  the 
temperature  does  not  exceed  a  certain  point ;  if  it  passes  that  point,  the  solution 
solidities  if  it  be  very  strong,  if  it  be  dilute  the  substance  separates  as  a  ooagulum. 
The  true  gelatinising  bodies  are  also  of  two  kinds,  corresponding  to  the  non-gelati- 
nising bodies  : — 1.  Those  which,  like  glue,  gelatinise  without  becoming  insoluble ; 
and  2.  Those  which,  like  silicic  acid  and  other  bodies,  become  insoluble.  Graham 
distinguished  gelatinising  substances  as  colloid  bodies ;  the  term  has,  however,  been 
extended  by  its  author  to  the  whole  class  of  soluble  amorphous  bodies,  because  all 
their  solutions  exhibit  something  of  the  character  of  the  true  gelatinising  bodies,  and 
they  all  possess  in  common,  to  a  greater  or  lesser  d^ree,  the  property  of  not  being 
able  to  pass  through  porous  l)odics.  The  more  colloid  a  body  is,  the  greater  is 
its  inability  to  pass  through  porous  bodies.  Crystallisable  bodies,  or,  as  Graham 
conveniently  called  them,  crystalloid  bodies  in  solution,  freely  permeate  a  colloid 
solution  and  pass  through  porous  bodies.  If  a  solution  containing  a  crystalloid 
and  a  colloid  body  be  put  into  a  vessel  having  a  porous  bottom  or  side,  and  sepsp 
rating  the  mixed  solution  from  pure  water,  the  crystalloid  body  will  pass  through  the 
I)orou8  diaphragm  into  the  water,  and  leave  a  pure  solution  of  the  colloid  body  in 
the  vessel.     This  process  of  separation  of  the  two  classes  of  bodies,  which  Graham 
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JjBia,  it  able  to  deoompote  compounds  of  eryitalloids  and  colloida. 
n  solatioiit  of  potaasic  or  aodlc  silicates  are  dia]3r8ed,  all  the  alkali  paaam 
letTes  the  ailkie  add  in  aolntion.  In  this  way  many  bodies,  such  as 
id  eren  alominoos  silicates,  may  be  obtained  in  a  soluble  state,  which 
hare  been  looked  upon  as  the  moat  insoluble  bodies  in  nature.  This 
of  colloid  bodies  offers  a  simple  and  complete  explanation  of  many 
bteure  phenomena  of  chemical  geology.  Among  ciystalloid  bodies  some 
the  colloid  class  nearer  than  others ;  thus,  potasaic  hydrate  and  potassic 
are  more  colloid  than  the  corresponding  soda  compounds,  which  is  per- 
ttsson  why  soda  is  more  rapidly  removed,  in  the  decay  of  minerals,  than 

oolnble  colloid  bodies  of  the  non-gelatinising  class  dry  down  chiefly  into 
be  called  the  earthy  amorphous  condition ;  the  gelatinous  bodies,  on  the 
d,  ognally  giTe,  whoi  slowly  dried,  more  or  less  compact,  homy,  some- 
Biloecnt  or  semitranslncent,  masses,  which  in  drying  contract  so  as  to 
tmctures  in  concentric  or  ribboned  layera,  such  as  the  agates.  Sometimes 
n  may  be  in  part  due  also  to  differences  in  composition,  as  is  frequently 
their  being  coloured  differently. 

iDoid,  earthy,  and  colloid  bodies  offer  a  marked  contrast  in  relation  to 
?iX»talloid  bodies  when  they  form  molecular  compounds  with  water,  do 
ecUjT  definite  projiortions  depending  upon  temperature ;  generally  speak> 
lumber  of  molecular  compounds  with  water  which  the  same  body  can 
Diited  to  a  very  few,  often  not  more  than  one  or  two.  In  the  case  of 
die*  the  combiuations  are  perhaps  all  definite,  but  the  combination  is  so 
that  it  id  ditfionlt  to  draw  a  distinction  between  hygroscopic  and  combined 
tbtrm.  JellieSy  on  the  other  hand,  appear  to  be  able  to  combine  with 
rinlle*?  profMiitions  ;  it  Is  uncertain  whether  any  of  these  compounds  are 
i  jiniportifins.  The  gradation  in  the  power  of  holding  niolecnlor  water, 
:4  fnini  the  cr>'stalline  to  the  colloid  condition,  is  illustrated  by  the  loss 
irhich  woundMl  hydrated  crj'titaUi  suffer.  Faraday  long  ago  noticed  that 
of  cnstaLs  of  Glauber  salt,  and  other  highly  ettlores<:ent  salts — that  is, 
:h  l«ise  tlieir  water  in  the  air — remain  for  a  long  time  bright  if  not  rubbed 
led,  Imt  when  wounded  the  efilorescence  at  once  begins.  The  same  thing 
^  with  the  minerals  called  zeolites  ;  they  lose  their  water  much  more 
'hen  placed  over  a  vessel  containing  sulphuric  acid  in  vacuo,  if  scratched 
Ltd,  than  if  the  faces  be  uninjured. 

»  which  aiv  cajiable  of  existing  in  the  crystalloid  and  amorphous  condi- 
«>nsidere*l  to  be  in  different  molecular  states.     This  property  of  being 
*<nme  different  conditions  is  called  Allotropisra.     Polymorphism,  as  was 
^t  a  ease  of  it.     There  are  apparently  two  kinds  of  it — Atomic  Allo- 
ttd  Molecular  Allotropism.     Tlic  former  is  connected  with  differences  in 
w  coDKtitntion  of  the  molecules — that  is,  differences  in  the  number  of 
*  in  tlieir  relative  position  within  the  molecules.     The  allotropism  of 
*»hil«t«d  in  the  dimorphic  crystalline  f<irm8,  the  diamond  and  graphite  or 
?>.M»1  in  the  amorphous  condition  by  coal,  charcoal,  etc.,  belong  to  this 
TVe  Cfilhtid  am^lition  may,  in  some  cases  at  least,  be  include«l  in  atomic 
^    It  is  perhaps  due  to  con<1en.«iation  of  simple  molecules  which  do  not 
'^' their  union  much  disturbance  of  their  atomic  constitution.    Many  cases 
T>'''rj'hi'{m  are  undoubtedly  to  be  included  in  molecular  allotropisra.     The 
^fWmienon  termed  glowing  seems  to  l)elong  to  the  allotropisra  of  con- 
**i  wd  is  intimately  connected  with  the  colloi<l  contlition.     \Vhen  certain 
•^  bftted  to  a  low  redness,  the  temperature  suddenly  rises  ;  they  glow,  as 
*J'«wtiou  was  taking  place  in  them  ;  when  cold,  they  are  found  to  have 
'^viA  Income  much  more  insoluble  than  liefore.     A  similar  changeof 
F  u>l  Klubility  occun  in  man^  bodies  onMcooinpuued  by  a  glow.     The 
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bodies  subject  to  this  are  chiefly  those  capable  of  existing  in  allotropic  states. 
Anatase,  for  instance,  has,  as  before  stated,  a  specific  gravity  of  8*8  to  S'93. 
When  heated  red  hot,  however,  its  density  increases  from  4*11  to  4*16,  which 
approaches  very  nearly  to  the  density  of  the  stable  form  rutile.  The  presence  in 
a  rock  of  a  body  capable  of  glowing,  or  contracting,  is  a  certain  proof  that  it  had 
not  been  subjected  to  a  temperature  of  a  red  heat  after  the  formation  of  the  latter. 

Metamorphosis. — When  a  body  undergoes  such  a  change  in 
fonn  or  nature  that  it  becomes  physically  or  chemically  different  from 
what  it  was  before  the  change,  it  is  said  to  be  metamorphosed. 
Changes  of  form  or  condition  constitute  physical  metamorphosiB ; 
changes  of  nature  chemical  metamorphosis.  The  latter  change  is 
necessarily  accompanied  also  by  some  physical  changes.  The  vitrifi- 
cation of  crystalline  bodies,  and  the  devitrification,  are  physical  changes 
if  they  occur  in  homogeneous  masses ;  but  they  are  also  chemical  if 
they  occur  in  complex  substances.  The  phenomenon  of  paramoiphooB 
is  a  purely  physical  phenomenon.  In  speaking  of  polymoiphiam,  it 
was  stated  that  one  form  of  a  polymorphic  body  was  more  stable  than 
another,  and  that  temperature  determined  which  was  the  stable  one ; 
or,  in  other  words,  that  one  form  was  stable  at  a  low  temperature  and 
the  other  at  a  higher  temperature.  Thus,  crystals  of  rhombic  sulphur, 
if  heated  a  little  above  the  boiling  point  of  water,  become  opaque,  and 
acquire  the  cleavage  of  the  monoclinic  crystals  ;  the  converse  of  this 
takes  place  in  moDoclinic  crystals  ;  for  if  plunged  into  carbonic  disol- 
phide  OS,,  they  suddenly  become  opaque  with  the  evolution  of  heat, 
and  acquire  the  cleavage  of  rhombic  sulphur ;  the  same  change  occurs 
by  the  influence  of  time, — monoclinic  crystals  obtained  by  melting 
sulphur  sometimes  become  paramorphosed  in  a  few  days,  sometimes 
only  after  some  weeks.  Paramorphosis  gives  us  certain  evidence  that 
crystals  of  native  sulphur  must  have  been  formed  at  common  tempen- 
tures,  and  could  not  have  been  formed  by  sublimation,  as  is  commonly 
supposed,  for  Frankenheim  has  shown  that  the  crystals  formed  by  sub- 
limation, or  from  solution,  at  temperatures  about  that  of  boiling 
water,  are  monoclinic  We  sometimes  find  arragonite  having  the 
cleavage  of  calcite  in  thermal  districts,  such  as  near  Toplitz  in  BohemiSi 
and  in  large  masses  at  Tolfa  in  Italy.  It  is  probable  that  this  anft- 
gonite  was  formed  at  a  temperature  of  about  40°  Cent  (104°  Fahr.), 
from  nearly  pure  solutions  of  calcic  carbonate,  Ca''  CO,.  If  formed  at 
a  much  higher  temperature,  the  crystals  would  have  been  more  stable ; 
if  formed  at  a  lower  temperature,  it  would  have  produced  calcite ;  but 
being  formed  at,  as  it  were,  the  turning  point  between  the  two,  the 
crystals  were  unstable,  and  rapidly  underwent  paramorphosb.* 

Chemical  metamorphosis  is  the  result  of  the  action  upon  minerals  of  water 
holding  carbonic  acid  and  oxygen,  and  more  or  lesa  of  different  salts  in  solution. 

^  The  student  will  find  much  information  in  Professor  Scheerer's  Der  Pctramorfhitmu 
u%d  min»  B^leutung  in  der  CKemief  MineraloffU,  und  GtologU,  1854. 
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new  minen]  prodnoed  bj  the  meUmorphonis  retains  the  ontwmid 
the  origiiiel  minenl,  it  is  called  a  Fseudomorph  or  imitative 
e  internal  Btmetare  of  a  true  paeadomorph  has  no  relation  with  its 
irm  ;  that  i%  it  has  its  own  eleaTage»  bnt  the  form  of  another  mineraL 
idomorphs  may  be  divided  into  two  classes : — 1.  I^ndoniorphs  hj 
;  and  2.  Fwodoniorphs  by  snbstitntion.  The  first  class  may  be 
C  as  Boggested  by  Landgrebe,  into : — (a.)  Pseudomorphs  formed  by 
ostitnents ;  for  example,  the  change  of  boumonite,  Fh\Ca^ir8^  into 
Q;  (b.)  Pseudomorphs  formed  by  the  gain  of  constituents,  such  as  the 
galena  Pb'S  into  anglesite  Pb'BO^,  and  of  red  copper  Cu',0  into  green 
Ca'GO|Cn''HfOg ;  and  (c)  I^udomoiphs  formed  by  exchange  of  oon- 
rach  as  the  change  of  pyrites  FeS^  into  red  haematite  Fe^O^  the  passage 
ite  FeSs  into  green  vitriol  FeS04,7H,0 ;  calcite,  Ca'CO,,  into  fluor- 
*, ;  laumontite  Ca'AI*',Si40|s.4HsO,  into  orthoclase  or  potash  febpar, 
0]4.  The  second  clan,  or  substitution  pseudomorphs,  are  minerals 
the  moulds  left  by  the  total  removal  of  a  previous  mineral,  such  as 
t>n  Fe^O]  in  the  form  of  calcite  Ga'CO,  ;  pyrolusite,  MnO^  in  the  form 

smithsonite,  Zn'CO|^  in  the  form  of  calcite ;  soapstone,  impure  talc,  in 
>f  orthoclase,  K^Al^^i^Oj^  ;  limestone  in  the  form  of  common  salt.* 
lis  are  sometimes  coated  over  wholly  or  in  part  with  others ;  for 
luor-spar  with  pyrites  or  quartz.  Minerals  thus  coated  are  sometimes, 
'orrectly,  included  among  pseudomorphs,  and  called  mechanical  pseudo- 
The  mineral  enclosed  in  tiie  coatings  is  sometimes  removed  by  subse- 
nical  action,  leaving  an  empty  mould.  Occasionally  this  mould  gets 
a  coating  of  new  crystals,  which  may  be  the  same  as  the  coating  or 
ifferent ;  sometimes  it  gets  entirely  filled  up  with  a  mineral,  forming  a 
itution  pseudomorph.  Thus  a  calcite  crystal  has  been  found  coated 
liar  iron,  and  the  specular  iron  in  turn  coated  with  pyrolusite ;  after- 
calcite  was  removed,  and  a  hollow  mould  of  it  left  in  the  specular  iron. 
;udy  of  pseudomorphs  is  the  true  key  of  the  chemical  changes  which 
1  place  in  rocks  ;  a  single  pseudomorph  in  a  rock  may  often  give  us  the 
nry  of  its  metamorphosis.  The  presence  of  numerous  large  pseudo- 
i  the  form  of  the  well-known  hopper-like  crystals  of  common  salt,  in  a 
of  limestone,  gives  us  physical  evidence  of  the  slowness  and  r^ularity 
lation,  of  a  for  more  definite  and  certain  character  than  could  be  obtained 
fobsiLs. 

xformation  on  this  important  subject  will  be  found  in  : — Landgrebe,  DU  Pwtt- 
«  im  Mineraireiche,  1841 ;  Dr.  J.  Reiohard  Blum's  DU  Pteudomorphoaen  du 
he»,  1843;  with  three  Supplements,  1843-1S47,  1852-1863;  Volger,  5<iMf  ien  zur 
gf^fesehichte  der  MintrcUien — the  excellent  chapter  on  "  Psendomorphs  and  Me- 
Jhaoges  on  Minermls  "  in  vol.  i.  (p.  222)  of  Dana's  5ysf«m  of  Mineralogy ;  Winkler, 
nutrpkMen  des  Mineralreickei,  18o5 ;  Scheerer,  Bemerkungen  iiber  AfterkryttalU^ 
«se.  Reeherdies  ntr  let  Patudomorphous,  Annates  des  Mines,  1850,  zvi.  317  ; 
tvdes  et  Expiritnus  Syntkitiques  sur  Is  Mitamorphisme ;  Mimoires  des  Savants 
€  VAoadtmie  des  Sciences  de  VInftitut  ds  France,  t.  xvll. ;  Delesse,  Etvdes  tur  le 
sme,  A  nnales  des  Mines,  5me  Ser.  t.  xil.  and  xiU.,  1857  and  1858.  The  memoir  of 
,  and  last-mentioned  one  of  Delesse,  relate  chiefly  to  rocks  rather  than  to  Indl- 
rals,  but  they  nevertheless  contain  ranch  valuable  information  connected  with 
the  subject.    Bisohors  Chmieal  Geology  is  a  mine  of  facU  on  metamorphism. 


CHAPTER   IIL 


ROCK-FORMINO   MINERALS. 

Of  the  simple  bodies  enumerated  at  p.  1 7,  several  are  so  rare  that  they 
only  occur  under  exceptional  circumstances  ;  others,  though  consti- 
tuents of  minerals  which  possess  much  scientific  interest  or  practical 
yalue,  do  not  form  essential  constituents  of  rock-forming  mLnerals. 
The  simple  bodies  of  immediate  interest  to  the  geologist,  and  some 
knowledge  of  which  is  necessary  in  order  to  understand  the  composi- 
tion, formation,  and  alteration  of  those  minerals  which  chiefly  form 
rocks,  or  which  take  a  part  in  their  metamorphosis,  are  at  most  nine- 
teen in  number.  They  are  arranged  in  the  following  table  in  two  classes, 
non-metallic  bodies  and  metals. 


Non-MetaUic  Bodies, 

1.  Hydrogen. 

2.  Fluorine. 
8.  Chlorine. 

4.  Oxygen. 

5.  Sulphur. 

6.  Boron. 

7.  Carbon. 

8.  Silicon. 

9.  Phosphorus. 


MeidU, 

10.  Potassium. 

11.  Sodium. 

12.  Lithium. 
18.  3arium. 

14.  Calcium. 

15.  Magnesium. 

16.  Zirconium. 

17.  Manganese. 

18.  Iron. 

19.  Aluminium. 


Non-metallic  bodies  form  with  each  other,  and  with  metals,  nume- 
rous and  varied  compounds.  Of  these  the  only  ones  which  enter  into 
the  composition  of  rock  masses  are  those  formed  by  chlorine,  or 
chlorides,  by  oxygen  or  oxides,  and  by  sulphur  or  sulphides.  Fluorine 
exists  in  some  rock-forming  minerals,  and  one  fluoride,  that  of  calcium, 
takes  part  in  the  formation  of  mineral  veins. 

Oxygen  is  the  most  abimdant  element  on  the  earth  ;  it  combines 
with  idl  the  other  simple  bodies,  save  fluorine.  Oxides  are  conse- 
quently the  most  abundant  and  important  compounds  in  nature. 
Water  contains  88'88  per  cent  of  its  weight  of  oxygen,  atmospheric  air 
about  23  per  cent ;  but  in  the  atmosphere  the  oxygen  is  mixed,  and 
not  combined  with  the  other  constituent,  nitrogen.  Of  the  ten  or 
eleven  minerals  which  constitute  the  great  mass  of  rocks,  quartz  con- 
tains 51*95,  anorthite  about  45,  orthoclase  about  46,  albite  about  47, 
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oiifte  46*5,  talc  about  49,  angite  and  hornblende  about  40,  calcite 
38,  dolomite  46,  and  gypenm  55*45  per  cent  of  oxygen.  Nearly 
»-balf  of  that  part  of  the  earth  of  which  we  have  any  knowledge 
fliata  therefore  of  oxygen. 

Kext  to  oxygen,  the  moet  abundant  element  ia  silicon  ;  it  forms 
MBt  one-fonrth  of  the  mass  of  the  globe  so  far  as  we  have  any  know- 
0a  of  its  oompoflituHi.  The  whole  of  this  silicon  is  combined  with 
so  that  folly  one  half  of  all  the  oxygen  in  the  woild  is  in 
with  silicon,  and  the  oxide  thus  fonned,  silica,  constitates 
the  globe.  If  we  arrange  the  remaining  bodies  in  the  fore- 
Ikt  in  the  order  of  their  abundance,  they  will  stand  as  foUows : 
calcium,  magnesium,  potassium,  sodium,  iron,  carbon, 
V  hydrogen,  chlorine,  nitrogen,  manganese,  phosphorus,  xirco- 
barium,  boron,  and  lithium.  These  seventeen  bodies  make  up 
ona-fourth  of  the  earth.  The  nineteen  bodies  in  our  list  form, 
rather  more  than  99  per  cent  of  the  whole  world,  and  the 
forty-four  elements,  including  all  the  useful  metcJs  except 
^  nther  less  than  one  hundredth  part 

Tlie  compounds  of  oxygen  with  the  non-metallic  bodies,  except 
^tiogen,  are  acid  anhydrides  ;  those  with  metals  are  generally  basic 
kydrides.  Thus^  with  eulphor,  it  forms  sulphuric  anhydride,  SO, ; 
ih  boron,  boric  anhydride,  Bo^O, ;  with  carbon,  carbanhydride,  CO, ; 
til  silicon,  silicic  anhydride,  SiO, ;  and,  with  phosphoros,  phosphoric 
liydride,  PsO».  With  the  monivalent  metals  oxygen  forms  potassic 
ide,  K,0,  sodic  oxide,  Na,0,  and  lithic  oxide,  Li^O  ;  with  divalent 
etali,  calcic  oxide  or  Ume,  Ca^O,  magnesic  oxide  or  magnesia,  Mg^'O. 
^  hexatomic  metals,  manganese  and  iron,  form  several  compounds 
bh  oxygen  ;  thus,  manganous  oxide,  Mn"0,  manganic  dioxide,  MnO,, 
felons  oxide,  Fe^'O,  and  ferric  oxide,  Fe,Or 

Several  of  these  bodies  could  not  occur  free  in  nature,  because, 
Iting  to  their  active  combining  properties,  they  would,  if  generated, 
m  at  once  new  combinations  with  other  bodies.  Thus  most  of  the 
ttydridea  would  combine  with  the  elements  of  water,  the  acid  ones 
bfann  acids,  and  the  basic  ones  to  form  basic  hydrates.  Some  of  the 
kae  hydrates,  as  well  as  the  corresponding  anhydrous  oxides,  are 
■fable  of  existing  free,  but  most  of  them  combine  with  acids  to  form 
ioie  stable  compounds,  termed  salts. 

The  compounds  of  sulphur  and  non-metallic  bodies  do  not  occur  in 
Hkne,  unless  we  reckon  arsenic  among  the  non-metallic  bodies.  With 
k  exception  of  the  sulphides  of  iron,  none  of  the  sulphides  of  the 
Mais  in  the  preceding  table  possess  sufficient  stability  toj|  remain  un- 
Anged  when  formed  in  natural  processes.  Most  of  the  common 
Mais  form  stable  sulphides,  which  frequently  occur  as  ores. 

The  combinations  of  chlorine  with  non-metallic   bodies  do  not 
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occur  naturally,  but  the  chlorides  of  most  of  the  metals  in  the  pre- 
ceding table  are  stable  bodies^  and  occur  in  nature,  chiefly,  however,  in 
solution  in  waters. 

The  great  agents  of  chemical  change  upon  the  surfjEU^  of  the  earth 
being  oxygen  and  water,  the  stability  of  bodies,  and  the  possibility  of 
their  occurrence  depends  to  a  great  extent  upon  their  relations  to  those 
agents.  Substances  that  do  not  absorb  or  lose  oxygen  readily,  and  are 
more  or  less  insoluble  in  water,  are  consequently  those  which  are 
likely  to  occur  as  minerals  if  their  constituents  are  sufficiently  abun- 
dant in  nature.  Soluble  bodies,  except  where  they  occur  in  such 
masses  that  there  is  not  sufficient  water  to  dissolve  them,  or  under 
other  exceptional  conditions,  cannot  occur  as  rock-forming  minerals. 

We  may  therefore  classify  the  compounds  of  the  elementary  bodies 
in  the  preceding  table  which  could  occur  as  minerals  into  the  following 
categories  : — I.  Metallic  fluorides  and  chlorides  ;  U.  Oxides — ^namely, 
1.  water  ;  2.  acid  anhydrides  and  acids  ;  3.  basic  anhydrides  and 
hydrates  ;  4.  salts — namely,  sulphates,  borates,  carbonates,  silicates, 
and  phosphates.  Some  of  the  simple  bodies  resist  the  action  of  oxygen 
and  of  water,  and  could  be  separated  from  their  compounds  by  the 
natural  processes  in  ordinary  operation  on  the  globe,  and  may  there- 
fore occur  as  minerals.  Of  the  bodies  in  the  preceding  list,  only  two, 
sulphur  and  carbon,  however,  fulfil  these  conditions.  Although  not 
occurring  in  sufficient  masses  to  constitute  rocks,  if  we  except  the  kind 
of  coal  called  anthracite,  which  is  nearly  pure  carbon,  these  bodies 
are  so  intimately  connected  with  geological  phenomena  that  we  shall 
include  them  in  the  following  brief  description  of  the  chief  minerals 
which  form  rocks,  or  which  characterise  them,  or  are  so  intimately 
connected  with  their  metamorphosis  that  the  student  should  know 
something  of  their  composition  and  properties  in  order  to  study  litho- 
logy.  In  this  description  we  shall  confine  ourselves  chiefly  to  the 
general  chemical  constitution  and  relations  of  the  minerals,  especially 
to  those  points  not  usually  treated  of  in  mineralogical  text-books.  The 
student  who  wishes  to  study  in  detail  the  physical  characters  by  which 
minerals  may  be  distinguished,  must  have  recourse  to  some  special  treatise 
on  mineralogy,  and  examine  for  himself  specimens  of  the  minerals. 

Minerals  formed  of  one  Simple  Substanoe. 

Sulphur. — Sulphur,  aa  has  been  mentioned  in  a  previous  section,  is  dimor* 
phic,  but  all  the  forms  found  native  belong  to  the  rhombic  or  triraetric  system, 
and  are  rhombic  pyramids  more  or  less  modified.  As  has  been  already  mentioned, 
these  crystals  could  not  be  formed  at  temperatures  approaching  that  of  boiling 
water,  or  be  exposed  to  such  a  temperature  without  alteration ;  crystals  of  nativs 
sulphur  must  therefore  have  been  formed  at  ordinary  temperatures.  Sulphur  is 
found  in  several  districts  in  fibrous  layers  of  a  whitish-yellow  colour,  as  if  deposited 
from  solutions,  sometimes  in  concretions,  sometimes  in  beds  several  inches  thick,  u 
at  San  Fillipo  in  Tuscany,  in  the  grotto  of  San  Fedele,  near  Sienna,  and  at  Canale, 
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cchia.  It  is  also  found  in  a  pulverulent  state  in  the  lignites  of  Artern, 
and  Roiadorf,  near  Bonn,  on  the  Rhine ;  in  the  interior  of  siliceous 
Charity  near  Besan^on  ;  and  in  the  argillaceous  marls  of  Mont- 
Paris.  It  likewise  occurs  in  metallic  yeins,  particularly  those  of 
s  and  galena.  Crystallised  sulphur  is  sometimes  found  in  small 
rntain  limestone. 

oes  not  occur  anywhere  in  sufficient  quantity  to  constitute  a  rock, 
disseminated  throughout  rocks  of  different  ages,  either  implanted  in 
nail  beds,  nests,  nodules,  or  in  the  pulverulent  state  just  descrihed, 
as  in  some  lavas,  or  as  a  cement  of  decomposed  trachyte.  It  is  very 
in  basaltic  districts,  but  occurs  often  in  trachytic  districts.  In  Sicily 
sociated  with  tertiary  gypsum,  limestone,  and  clay ;  at  Radoboj,  in 
intercalated  in  beds  full  of  remains  of  insects  and  plants,  and  coloured 
ineral  resin  and  carbonaceoos  matter.  The  latter  mode  of  occurs 
U  as  the  stratified  fibrous  sulphur,  proves  the  aqueoos  origin  of 

rals  found  enclosed  in  sulphur  are  also  inconsistent  with  its  produc- 
b  temperature,  at  least  in  a  great  many  cases.     Thus  in  druses  in  a 
iphor  and  galena  at  Tniskawice,  in  Gallicia,  small  crjrstals  of  sulphur 
losing  grains  of  galena ;  small  indistinct  crystals  enclose  brown  coal 
leantiful  crystals,  enclosing  indistinct  scalenohedrons  of  calcite  are 
Ks  of  dull  sulphur  in  tertiary  marl  at  Girgenti,  in  Sicily ;  calcite 
iso  enclosed  in  crystallised  sulphur  in  druses  of  Ihnestone  at  Bex,  in 
We  have  direct  evidence  of  the  deposition  of  sidphur  from  water  in 
)ring8  of  Aix-Ia-Chapelle,  Aix  in  Savoy,  Saint  Boes,  near  Dax,  Bex, 
1,  etc.     The  whole  of  the  sulphur  at  the  latter  place  appears  to  have 
1  from  water.    The  deposition  of  sulphur  in  some  waters,  as  in  that  at 
le,  is  due  to  the  decomposition  of  alkaline,  or  alkaline  earthy  sul- 
olcanic  rc^ons  the  deposition  of  sulphur  may  result  from  two  causes : 
of  oxygen  on  damp  sulphide  of  hydrogen  gas,  or  on  solutions  of  the 
rhe  mutual  decomposition  of  sulphide  of  hydrogen,  H^S,  and  sul- 
(Iride,  SOj.     If  the  former  be  in  excess,  water  and  sulphur  only 
jrnied  ;  if  the  latter  be  in  excess,  pentathionic  acid,  H^gOg,  and 
lied  ;  the  pentathionic  acid  is  gradually  decomposed  into  sulphur 
acid,  which  produces  sulphates.     In  connection  with  this  reaction 
;rved  that  several  sulphates  are  associated  with  the  sulphur  found 
ere  the  sulphur  is  formed  from  gases  escaping  through  fissures.     Old 
such  active  fissures,  called  fumaroles,  are  termed  solfaterras. 
1  also  dimorphic.     When  crystallised  in  the  monometric  system  it 
hardest  of  all  the  gems,  the  diamond.     Diamantine  carbon  occurs 
: — 1.  The  true  crystallised  diamond  ;  2.  The  imperfectly  crystal- 
7  diamond,  known  as  "boort,"  or  "boart ;"  and  3.  "carbonado" 
,"  a  porous  kind  of  mass  which  is  almost  glassy  in  some  specimens, 
ilmost  as  porous  as  pumice.     It  is  of  a  brownish-green  colour,  and 
iften  polishes  of  a  deep  black.       The  true    diamond  is    usually 
small  crystals,  those  above  a  quarter  of  an  ounce  being  of  great 
carbonate  "  is  often  found  in  lumps  as  big  as  a  walnut.     The  true 
been  found  t/i  «<u,  in  the  flexible  sandstone  called  itacolumite  of 
rrammagoa,  in  Brazil.     In  general,  however,  it  is  found  in  deposits 
ravel  derived  from  the  denudation  of  mica  schists,  micaceous  iron 
nite,  and  other  sandstones,  and  associated  with  grains  of  gold,  plati- 
rtals  of  anatase,  rutile,  brookite,  topaz,  tourmaline,  zircon,  oxide  of 
IS  iron,  magnetite,  and  red  and  brown  hematite.     In  India  it  occurs 
rate  formed  of  rounded  fragments  of  quartz,  jasper,  etc.,  cemented 
cide  of  iron.    The  diamond  district  ot  the  Ounl  consistfl  of  arenace- 
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ous  rocks  resting  on  limestones  or  dolomite,  or  diorite  and  lyenetie  porphyiy. 
'*  Carbonate  "  was  discovered  in  1842  in  a  sandstone  of  the  province  of  Bidua,  in 
Brazil,  believed  to  be  of  the  same  age  as  the  gneiss  and  syenite  of  Greenland. 

Brewster  showed  that  the  diamond  often  contains  air-bubblea,  and  that  it 
conld  not  have  been  formed  by  heat.  Iron  pyrites  and  specks  of  gold  have  been 
noticed  in  diamonds,  and  titanic  acid  in  their  ashes.  G.  Rose  has  described  a 
diamond  discoloured  by  black  carbon. 

Graphite  occurs  crystallised  and  amorphous.  The  latter  is  the  kind  best 
adapted  for  making  lead-pencils.  Tliis  kind  occurs  in  nests  in  trap^  or  clay  slate^ 
at  Borrowdale,  in  Cumberland  ;  a  remarkable  dyke  of  it,  six  feet  wide,  oocnrs  in 
syenite  and  granite  in  Eastern  Siberia  ;  lumps  and  nests  of  it  also  occur  in  the 
crystallised  limestone  overlying  the  granite  at  the  same  place.  True  graphite 
appears  to  be  almost  exclusively  confined  to  granite,  gneiss,  quartz,  mica  alate^ 
crystaUised  limestone,  and  the  older  slates.  A  kind  of  graphite  is,  however, 
sometimes  found  connected  with  coal,  especially  where  the  latter  is  in  contact 
with  trap.  Grajihite  usually  contains  a  variable  quantity  of  oxide  of  iron,  sQica, 
and  other  impurities.  It  is  found  in  America  enclosing  sphene  and  wollastanite^ 
and  has  also  been  noticed  in  skutturudite,  quartz,  and  rhsBtizite,  and  as  a  psendo- 
morph  after  pyrites. 

Fluorides  and  Chlorides  ooourring  as  Minerals. 

Fluor-Spar. — Fluorine  occurs  in  several  siliceous  minerals,  and  forms,  with 
calcium,  cerium,  yttrium,  sodium,  and  aluminium,  several  natural  fluorides,  of 
which  only  one  calcic  fluoride  or  fluor-spar  Ca'F,  is  of  sufficient  importance  to 
find  a  place  here.  Fluor-spar  crystallises  in  forms  of  the  monometric  system,  the 
most  frequent  dominant  form  being  the  cube  ;  but  perfect  octahedrons  are  some- 
times met  with.  It  is  found  colourless,  green,  topaz-yellow,  rose  and  crimsoD 
red,  violet  and  sky-blue,  and  brown — greenish,  violet  blue,  and  wine  or  topai- 
yellow  being  most  frequent.  It  occurs  chiefly  in  veins,  often  as  the  gangne  of 
ores,  especially  of  galena,  in  granite,  gneiss,  mica-slate,  clay-slate,  and  also  in 
mesozoic  rocks. 

Perimorphs, — Fluor-spar  is  found  in  common  salt,  quartz,  pyrites,  baiytei^ 
calcite,  chr}''soberyl,  beryl,  and  garnet. 

Endomorphs. — The  following  minerals  are  found  enclosed  in  crystals  of  flnor- 
spar  '.—Simple  bodies — silver  ;  OaaWw— quartz,  anatase,  brookite  ;  specular  iron, 
red  ochre,  bismuth  ochro ;  Sid/^ides — pyrites,  copper  pyrites,  marcasite,  mispickel, 
galena,  zinc  blende,  tetrahedrite  or  fahlerz,  aikinite  or  plumbo-cupriferous  sulphnret 
of  bismuth,  uUmanuite  or  nickeliferous  grey  antimony,  stromeyerite  or  argentiferom 
sulphuret  of  copper,  tennantite  ;  Sulphates — barytes  ;  Carbonates — brown  spar 
(dolomite),  clialybite,  malachite,  azurite,  cerussite  ;  Silicates — anhydrous :  horn- 
blende; beryl;  axiiiite  ;  mica;  adularia;  euclase ;  tourmaline;  hydrous:  talc; 
chlorite  ;  carpholite  ;  lithomarge,  clay  ;  Phosphates  —  apatite  ;  TungsUUes — 
scheelite.  Asphalt  has  likewise  been  found  in  fluor,  and  cavities  containing  liquids 
and  air-bubbles. 

Pseudomorphs. — Calcic  fluoride  being  slightly  soluble  in  water,  especially  in 
water  containing  calcic  carbonate  and  carbonic  acid,  produces  many  pseudomorph& 
It  is  found  in  the  fonu  of  calcite  ;  and  the  following  minerals  are  found  imitating 
its  forms  : — Oxides — hematite,  limonite,  wad,  quartz  ;  Car^no/es^-calcite,  smitl^ 
sonite,  cerusite  ;  Silicates  —hydrous  :  chlorite,  lithomarge. 

Common  Salt. — The  only  chloride  of  geological  importance  is  the  sodk 
chloride  or  common  salt,  which  occurs  in  extensive  but  irregular  beds  in  every 
formation  from  the  Upper  Silurian  of  Canada  to  the  recent  deposits  now  being 
formed  in  salt  lakes.  Bock-salt  forms  true  rock  masses,  some  of  the  beds  being 
of  great  thickness.  Thus  at  Wieliczka,  in  Poland,  galleries  have  been  excavated 
in  almost  pure  salt  from  60  to  100  yards  high.     This  salt-bed  forma  part  of  a 
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its  -whidi  extoid  tlong  the  Carpathian  Mountains,  and  are  about 
,  100  milea  wide,  and  in  some  places  1200  feet  thick.  At  Cardoiia, 
3ck-salt  fonns  an  escarpment  550  feet  high.  Springs  issuing  from 
in  more  or  less  salt  in  solution.  In  inland  iMsins  which  do  not 
ocean,  the  great  reservoir  of  salt,  especially  in  the  great  Aralo- 
numerous  salt  lakes  are  formed.  When  saline  water  impregnates 
odered  barren  ;  and  efflorescences  of  salt  are  formed  in  summer  as 
steppes. 

.It  crystallises  in  the  monometric  system  chiefly  in  cubes.  Where- 
id  is  present,  as  at  Stassfurth,  it  crystallises  in  cube-octahedrons. 
( found  pure  and  limpid  like  glass,  but  is  generally  coloured  red 
d  clay.  Sometimes  it  is  found  blue  and  purplish,  probably  from 
limals  similar  to  those  which  make  the  brine  produced  by  the 
neA-wtiter  in  **  salt  gardens  "  blood-red,  when  it  attains  a  certain 
;ntration. 

irally  associated  with  anhydrite  and  gypsum,  sandstone  and  car- 
Other  salts  also  occur  associated  with  it,  such  as  polyhalite,  a 
mpound  of  calcic,  magnesic,  and  potassic  sulphates.  At  Stassfurth, 
Ls  a&sociated  with  compact  boracite  and  magnesic  sulphate,  one 
ich,  with  about  ten  of  common  salt,  forms  a  heteromeric  mineral 
t«.  The  association  of  boracite  is  interesting,  because  in  the  Asiatic 
lakes  appear  to  occur  in  the  district  of  the  saline  lakes.  In  the 
It  the  mouth  of  the  Volga,  a  compound  of  sulphate  of  soda  and 
a^esia  called  asirdkaniU  is  formed  in  winter  ;  a  similar  mineral 
s  found  in  some  salt  l>eds.  At  Villa  Rubia,  in  Spain,  glauberite, 
the  anhydrous  sulphates  of  lime  and  soiia,  occurs  in  the  salt  The 
Les  ])erhai):}  a  low  temi)erature,  and  the  glauberite  a  high  tempera- 
e  dep<^>sition  of  the  salt. 

w. — Heiiides  the  substances  just  mentioned,  crystals  of  anhydrite, 
I>ar,  and  copper  pyrites,  occur  enclosed  in  salt.  Cavities  filled  with 
line  containing  air-bubbles,  are  also  found  in  salt  The  explosive 
ka  contains  compressed  gas  composed  of  hydrogen,  carbonic  oxide, 
s. 

rVt.^.  —  Common  salt  owurs  as  a  pseudoraorph  of  anhydrite  and 
»sum  and  polyhalite  also  occur  in  the  form  of  salt.  But  the  most 
\YirUxii  pseudomorph  of  salt  is  one  in  the  form  of  dolomite.  Of  the 
of  other  minerals  in  the  shape  of  salt  the  most  interesting  are — 
sandstone.  The  replacement  of  salt  by  limestone  appears  not  to 
ine<l  to  single  crystals,  but  to  have  extended  to  whole  beds. 

Oxides  occurring  as  Minerals. 

after  oxygen,  the  most  abundant  simple  body  forming  the  materials 
exists  as  Silica,  or  silicic  anhydride,  SiO„  as  silicic  hydrates  or 
umerous  salts  called  silicates.     Silicon  being  quadrivalent,  its  normal 
Hhould  be  SiO„  2H2O,  or  H4Si04,  or  Si(Ho)4.    The  meU-acid  should 
>r  HySiOj,  or  SiO(Ho)^     Ortho-silicic  acid  is  not  definitely  known, 
iral  Hilicates  represent  it    Meta-silicic  acid  can  be  readily  obtained  by 
n  of  a  dialysed  solution  of  silica.     Many  silicates  contain  condensed 
le  of  the  corresponding  acids  are  known,  thus  the  para-acid  HeSijOy 
by  Ebelnien  from  silicic  ether.     Others,  such  as  11481308, H^ijOy, 
ained  by  Doveri,  Fuchs,  Sullivan,  etc.     As  the  true  constitution  of 
innot  be  imdemtood  without  some  previous  knowledge  of  condense 
Uble  Is  added  here  to  show  the  relation  of  the  condensed  silicic 
se^iuently  the  silicates,  which  are  theoretically  possible.     The  acids 
U  column  differ  by  Il^SiO^  or  a  multiple  of  it,  from  those  above  or 
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below  them  in  the  same  column ;  that  ia,  the  ftnccessive  condensations  are  effected  by 
the  addition  of  a  molecule  of  meta-silicic  acid.  This  relationship  is  analogous  to 
that  offered  by  the  homologous  series  of  carbon  compounds,  and  we  may  conveni* 
ently  call  the  silicic  acids  so  differing  homologous  acida.  The  acids  in  the  same  hori- 
zontal line  have  an  equal  number  of  silicon  atoms,  and  differ  by  one  or  mora 
molecules  of  H,0.  They  might,  after  the  analogy  of  carbon  compounds,  be  called 
isologous  acids.  All  the  acids  in  the  second  column,  or  those  homologous  with  mtibBr 
silicic  acid  H^iO„  are  simple  multiples  of  that  acid,  that  is,  they  are  polymeria 
All  simple  silicates  and  all  complex  silicates,  in  which  there  is  true  isomorphfe 
replacement,  find  their  place  in  such  a  table.  Heteromeric  combinations,  that  it 
minerals  formed  by  mixtures  of  different  silicates,  cannot  of  course  be  included, 
nor  those  in  which  alumina  acts  both  as  a  base  and  acid. 


Orihie  Acids,        Meta- Acids, 


AnhydrO'Acids, 


H4Si04 

H«Si,07 

HaSijOio 


H^iO, 

H4Si,0g 

H«Si,0, 


SiO, 

H^ijOj 

H4Si,08 


8i,04 
H^ijO^ 


H,.+,Si«0^+i        Hj^^Si^O,.        H^.,Si^0^.i        H^.4Si„0^.„  etc. 

It  has  not  been  thought  necessary  to  carry  the  series  beyond  three.  The  last  for- 
mula in  each  yertical  or  homologous  series  is  a  general  formula  for  the  whole  series 
in  which  the  coefficient  n  stands  for  any  simple  number. 

All  condensed  orthic  acids  may  be  considered  to  be  compounds  of  tlie  normal 
orthic  acid  H4Si04  with  the  meta-acids  ;  all  condensed  meta-acids  are  multiples  of 
the  normal  meta-acid  H^iO] ;  all  condensed  anhydro-acids  are  combinations  of 
meta-acids  with  the  anhydride  SiO^.  The  molecules  of  the  condensed  orthic  and 
anhydro  acids  are  consequently  made  up  of  two  different  kinds  of  molecules,  tha 
molecules  of  the  meta-acids  of  only  one.  This  will  be  better  understood  from  tha 
following  table,  which  shows  the  constitution  of  all  the  isologous  acids  containing 
six  atoms  of  silicon  : — 

MeteMKdda.         OrthloMld. 

HuSi^Oi,  =  HjoSiBOij  +  H48i04 
Hi^i«Oia  =  6H,SiO, 

HioSi«Oi7  =  HioSifiOiB  +  SiO, 


Orthic  Acid 
Meta-Acid 


Anhydro-Acid  . 


2SiO, 


HgSiaOn  =H8Si40i,  + 
HeSi^Oi^  =  H,Si,0,  +  3SiO, 
H4SiiOi4  =  H4Si,0«  +  4SiO, 
.H,Si,Oi,  •=  H^iO,    :  +  6SiO, 

This  table  shows  why,  on  the  one  hand,  we  do  not  often  find  free  quaitl 
associated  with  ortho  or  meta  silicates,  while  on  the  other  it  is  very  generaOl 
associated  with  anhydro-silicates.  Thus  anorthite,  nepheline,  leucite,  and  augitc^ 
scarcely  ever  occur  in  rocks  containing  free  quartz  ;  while  the  anhydro-eilicateti 
orthoclase,  and  albite,  always  occur,  as  in  granites,  with  abundance  of  it. 

Silica  in  one  state  is  very  soluble  in  water,  and  a  pure  solution  of  it  may  bi 
obtained  by  dialysis  ;  it  becomes  insoluble  after  it  has  once  gelatinised.  In  tin 
nascent  state  it  dissolves  more  or  less  freely  in  acids,  but  after  it  has  gelatinised  oi 
precipitated,  it  becomes  very  sparingly  soluble.  Thus  it  is  readily  soluble  il 
hydrochloric  acid  when  silicates  are  decomposed  by  that  acid  ;  the  sulphuric  add 
formed  by  the  natural  oxidation  of  pyrites  dissolves  a  considerable  amount  of  siUcti 
when  it  acts  on  clays  and  slates,  etc.  Even  carbonic  acid  dissolved  in  watei 
appears  to  possess  this  power,  especially  when  it  acts  on  argillaceous  limestones. 
This  explains  the  presence  of  silica  in  river  and  spring  waters.  This  silica,  whethei 
present  as  a  tree  acid  or  as  a  calcic  silicate,  is  precipitated  along  with  the  carbonate^ 
when  the  water  is  boiled,  or  when  it  evaporates  in  lakes,  or  hi  the  ocean.     Undei 
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ble  prenore,  and  at  high  tempentures,  Bilicates  are  decomposed  by 
or  acid  solations,  and  the  silica  dissolved  more  freely  than  under  ordinary 

c  anhydride  may  be  melted  into  a  Tisdd  transparent  liquid  by  the  ozy- 
I  blowpipe ;  on  cooling,  it  solidifies  into  a  glass  which  is  readily  acted  upon 
ne  solutions.  CrystalliMd  silicic  anhydride  has  a  specific  gravity  of  2  '6, 
be  glass  of  melted  silica  2*2,  amorphous  silica  2*1.  These  differences  are 
importance  in  connection  with  the  igneous  origin  of  granite  and  other  crys- 
Kki,  inasmuch  as  we  ought  sometimes  to  find  glassy  silica  in  rocks  if  they 
I  in  a  state  of  igneous  fusion. 

rts. — Natural  silicic  anhydride  is  the  mineral  quartz.  The  usual  crystal - 
1  of  quartz  is  a  hexagonal  or  six-sided  prism,  pointed,  when  complete,  at 
b  by  hexagonal  pyramids.  Doubly  terminated  crystals  are,  however,  un- 
,  sokI  appear,  as  has  been  already  pointed  out,  to  be  formed  in  gelatinous 

The  forms  are  very  simple,  if  we  pay  no  attention  to  the  small  faces,  but 
>  the  number  of  the  latter,  the  distinct  faces  which  can  occur  in  the  quartz 
e  numerous.  M.  Desdoizeaux  has  pointed  out  the  existence  of  more  than 
ifications.  Quartz  minerals  belong  to  three  categories  : — 1.  Crystallised 
r  n>ck-crystal ;  2.  Uncrystallised  or  crypto-cr^'stalline  or  chalcedony  ;  and 
ited  quartz. 

mMparent  CrydaUited  Quartz  or  Rock-CryatoL — The  smaller  crystals  are 
J  known  as  Irish  diamond,  Bristol  diamond,  etc. ;  laige  masses  are  called 
,"  and  are  used  for  lenses  of  spectacles.  When  coloured  violet  it  is  the 
amrthytt ;  the  latter,  however,  has  also  some  peculiarities  of  cr}'stalline 
The  lirowu  and  blackish  coloured  variety  of  quartz  is  called  smoked 
r  Caim^)rm  stone,  from  the  name  of  a  mountain  in  Scotland.  The 
jini;:'»riii  stone"  has,  however,  in  practice  a  much  wider  extension,  being 
U.»  s-<.'nes  of  all  shades  of  colour,  from  pale  yellow  to  black.  The  rich 
kn'>>*7i  a^  citrin  are  rare,  but  are  imitatcl  by  burnt  amethysts  ;  the 
i-hn-iwTi  are  called  cinnanyyn  or  pierre  tie  caneUe — these  names,  however, 

•re  i-roj*erly  to  a  variety  of  garnet.  The  black  are  also  called  morion. 
rfz  is  seldom  found  in  distinct  crystals,  and  is  usually  only  semi-trans- 

C'.nmon  quartz  Is  the  name  given  to  all  opaque,  colourless,  or  partly 
•rn-itals  and  crystalline  masses,  such  as  that  forming  veins  in  other  rock, 
L^"vi:^he«i  as  vfxn  quartz. 

•TtttiiUUfd  or  CryptKHTystalline  Quartz. — Under  this  category  may  be  in- 
.1  th':'  niiiieraLs  which  represent  the  passage  of  quartz  from  the  colloKi  to 
-til»id  :jtate.  Under  this  category  come  the  great  variety  of  .minerals 
^»r:ve  the  collective  name  of  chalcedony.  They  are  colloid  quartz,  which 
ly  iM.Iiilitied,  and  as  it  did  so  began  to  pass  into  the  cr}'stalloid  state.  In- 
:*.niinvr  t*)  FucIls,  they  are  mixtures  of  amorphous  and  crj'stallised  quartz, 
•rf  *'f  which  may  be  removetl  by  caustic  alkalies.  They  are  all  semi-trana- 
r  traiLslucent.  Chalcedony  is  derived  from  Chalcedon,  an  ancient  city  of 
;inr,  now  the  village  of  Ka<li-Kioi  near  Bnisa.  In  a  more  limited  sense  it 
•1  to  the  opalescent  greyish-blue  or  yellowish  non-crystalline  (quartz,  whicli 
1  "talajrraitic  and  stakctitic,  botryoidal,  nwlular,  and  reniform  masses  in 

ofu-n  covering  over  minerals  of  the  mo?rt;  different  kinds.  It  sometimes 
1  thin  Vjoufis.     In  some  Indian  stalactites  the  roots  are  chalcedony,  but 

the  cm!  the  colloid  silica  became  crystalline  and  fonned  quartz  crystals, 
I  nftme  specimens  have  trihedral  summits.  Carnclian  (from  earo,  flesh)  is 
ii^»ny  of  a  bright  red,  sometimes  of  a  yellowish-red  and  white  colour,  the 
*inj?  due  to  ferric  oxide.  Chrysopras  (from  xp»w^  xpdffo^,  golden  leek)  is 
^nv  coloureii  green  by  nickel  Plasma  {xXda/ia,  anytliing  moulded  in  soft 
I)  in  a  dark  or  leek  green,  faintly  translucent,  chalcedony.  If  bright  re^l 
.tur  in  it,  as  if  from  intermixed  cameUMn,  it  bs  called  hdiotrop.     Onyx 
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(from  6w^,  the  nail  of  the  finger)  is  a  dialcedony  composed  of  two  or  three  differ- 
ently-colouied  layers.  When  one  of  these  is  of  a  deep  brown  colour,  and  ooTered 
with  a  thin  bluish-white  layer,  it  is  the  anioolo  or  nicolo  used  for  cameos,  the  bnnm 
layer  forming  the  ground,  and  the  figure  being  cut  out  of  the  white  layer ;  when  th* 
layers  of  onyx  are  concentric,  the  centre  being  brown  and  surrounded  by  a  white  liag^ 
they  are  called,  when  cut,  ey&sUmu,  Fine  reddish-brown  or  liyeisx>louTed  cfaaloedoiiy 
is  GftUed  sard,  from  the  ancient  Sardis  in  Lydia,  or,  as  some  think,  ftom  ot^,  i«v 
flesh.  Alternate  layers  of  camelian  and  opalescent  chalcedony  constituted  mtrdimifx. 
Agates  (from  the  river  Achates,  in  Sicily,  where  they  were  first  found)  are  oonem- 
tionary  masses  of  all  the  preceding,  deposited  in  layers  one  upon  the  other,  usually 
in  hollows  in  volcanic  rocks.  These  concretions  are  due  to  the  dialysis  of  solutioM 
of  silicates,  the  crystalloid  bases  going  away  through  the  porous  stone.  When  cat 
across,  the  sections  of  the  agates  show  the  layers.  Sometimes  the  centre  consLsts  of  • 
mass  of  radiated  amethyst  crystals,  or  of  colourless  crystals,  having  the  structure  of 
amethyst.  Sir  David  Brewster  estimated  as  many  as  17,000  layers  in  an  indbi  of 
one  specimen  of  agate.  The  term  jasper  is  now  applied  to  impure  opaque  quaiti 
masses,  found  as  concretions  like  flints,  or  in  layers  in  other  stones.  The  usai] 
colours  are  various  shades  of  red,  but  green  and  yellow  colours  are  also  ArequeoL 
When  the  colours  occur  in  alternate  layers  it  is  called  striped  or  riband  jaiftr* 
The  impurities  are  chiefly  silicates  of  alumina  and  iron.  In  most  limestones  ooncM- 
tionary  masses  of  silica  occur.  In  the  older  rocks  these  concretions  are  tenned 
komstone,  or  chert ;  in  the  chalk  they  are  JUnts^  which,  according  to  Ehrenbeigf 
consist  for  the  most  part  of  the  remains  of  infusoria.  Similar  masses,  almoii 
identical  with  flints,  occur  in  the  Jura  limestone.  In  the  tertiary  beds  of  Parii 
the  flints  are  represented  by  a  hydrated  silica  merUlite,  which  is  also  infusoriaL 
It  is  probable  that  some  of  the  homstones  of  the  carboniferous  limestones  aif 
also  of  organic  origin  ;  but  that  all  are  not  so  is  proved  by  the  partial  conversioa 
of  fossil  corals  into  homstone — a  fact  which  shows  that  the  homstone  is  due  to  a 
subsequent  pseudomorphosis.  LydiaiMUme,  icruchstone,  or  basanite,  is  simply  i 
jasper-like  sUiceous  rock  coloured  by  charcoal,  which,  on  account  of  its  hardneM^ 
is  used  as  a  touchstone  for  gold.  OrantUar  quartz  or  quartz  rock,  itaeolumiUi 
buhrstone,  kiesel-schie/er  or  phthamtef  and  the  various  sandstones,  though  oonsiai 
ing  almost  entirely  of  silica,  are  true  rocks,  and  their  description  belongs  io 
the  next  section  of  this  Manual. 

3.  The  facility  with  which  hydrated  silica  loses  water  prevents  the  formation  di 
great  masses  of  minerals  composed  of  hydrated  silica.  The  terra  opal  may  be  applied 
to  all  compact  uncrystalline  semi-translucent  to  opaque  hydrated  silica,  contain* 
ing  fh)m  3  to  13  per  cent  of  water,  and  a  specific  gravity  of  from  1*9  to  2*3.  Thij 
are  obviously  solidified  gelatinous  silica.  When  of  a  milk-white  colour,  opalescaKtj 
and  exhibiting  a  rich  play  of  colours,  it  is  the  noble  opal.  When  not  opalescent,  it  li 
common  opal  or  haUh  or  semi-opaL  When  porous  and  opaque,  but  becoming  trami 
parent  in  water,  it  is  called  hydrophane.  When  nearly  opaque,  of  a  bluish-whiti 
porcelain  colour,  and  adhesive  to  the  tongue,  it  is  called  cacholong.  Wood  opal  h 
simply  silicified  wood.  Sometimes  the  structure  is  perfectly  preserved,  at  othen 
it  is  almost  obliterated,  and  presents  in  the  same  specimen  all  the  graduations  fnm 
the  milk-white  of  semi-opal  to  the  brovm  of  menilite  already  mentioned. 

Besides  the  opals  proper  there  are  several  other  hydrous  siliceous  minerals  ol 
interest,  among  which  may  be  mentioDCKi : — 1.  The  glassy  variety  called  hyaUU 
2.  The  sinters,  or  loose  deposits  from  waters,  which  occur  sometimes  as  porou 
stalactitic,  botryoidal,  fibrous,  etc.,  masses;  and  sometimes  in  compact  masses 
and  called  siliceous  sinter  or  Oeyserite,  fh)m  the  Geysers  of  Iceland :  jioriU,  o 
pearl  sinter,  found  in  shining  globular  and  botryoidal  masses  in  cavities  of  volcanic 
tufa.  Another  variety  of  this  mineral,  having  a  specific  gravity  of  1*88,  and  con 
taining  16*35  per  cent  of  water,  representing  the  anhydro-acid  H4Si,08,  has  beei 
named  michatlite,  from  St.  Michaels  in  the  Azores,  where  it  occurs  as  a  whit 
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9  minenl.  8.  ThA  «ith  j  depodts,  such  m  JlandetniU^  and  the  friable 
:  from  above  the  Upper  Green  Sand,  deecribed  by  Way.  Bandanite, 
B  its  name  from  Randon,  in  the  Puy  de  Ddme,  wheiv  it  was  foondt 
Id  casts  of  inftiaoria.  It  is  probable  that  moet»  if  not  all,  hydrous  sill- 
are  of  organic  cnigin. 

srals  enclosed  in  crystals  of  other  minerals,  or  what  we  have  for  conve^ 
endomorphs,  the  enclosing  minerals  themselves,  or  perimorplU,  and  the 
ms  which  minerals  assume  when  they  fill  the  place  cSf  decayed  minAmia^ 
<ced  as  the  result  of  that  decay  by  the  addition  to  or  loss  of  some  of  the 
the  original  minerals,  or  paeudamorpht,  afford  us  the  most  valuable  and 
evidence  of  the  genaus  and  metamorphoses  of  minenUs,  and  of  the  rocks 
form.    Their  study  puts  an  end  to  many  crude  theories  and  unscientifio 
9  the  mode  of  formation  of  rocks.     Few  minerals  afford  so  numerous 
ive  examples  of  each  class  as  quartz,  and  for  this  reason  we  think  it 
it  the  student  should  possess  as  complete  lists  of  them  as  possible. 
rpkg,  or  enclosed  minerals,  observed  in  quartz  crystals. — yon-MetalUe 
phar,  graphite,  anthradteL   Meials:  gold,  silver,  copper.    Halogen  eom- 
w-ypar.    Ankydrmu  meiattic  oaddet:  rutile,  anataae,  brookite ;  specular 
Ute,  micaceous  iron,  red  oxide  of  iron ;  pyrolusite ;  oxide  of  tin  or  cassite- 
ith  ochre,    ff grates :  limonite  or  brown  hematite,  giithite  (pynhosl- 
ite,  needle  iron  ore,  etc)    Sulphurets :  pyrites,  pjrrrhotine  or  magnetie 
rcaute,  misiMckel,  chalcopjrrite  or  copper  pyrites,  erubesdte  or  varie- 
tr,  galena,  blende,  manganblende,  cinnabar,  molybdenite,  stibnite  or 
fixnce,  zinkenite,  heteromorphite  or  feather  ore,  pyniqgyrite  or  ruby 
hnlrite  or  fahlerz,  stephaoite  or  brittle  silver,  silver  glance.    Tellurides  : 
luhum  or  nagyagite.      Sulphates:   barytes,  anhydrite.     Phosphates: 
te.     Arxeniates  ^hydrous):  erythrine  or  cobalt  bloom.     Carbonates: 
alcite,  chalybite,  magnetiite.     Silicates  (anhydrous):   aagite(?),  horn- 
iamh«  aiibestua,  grammatite,  actinolite,  byssolite),   acmite ;   beryl ; — 
idote,  thallite ;  axinite  ; — mica ; — orthoclase,  albite ; — topaz,  lievrite  ; 
titauite  ;  tourmaline.     Hydrous  silicates  (magnesian) :  talc  ;  chlorite  ; 
!^ia1l)  calamine,  carpholite  ;  clay  ; — and  the  zeolites, — chabarite  ;  stil- 
VMUt%  ilmenite,  crichtonite ;  Tungsiates^  scheelite,  wolfram, 
thesv,  quartz  crystals  contain  asphalt,  basalt,  and  granite.    Most  quartz 
ntain  cavities,  some  of  which  contain  water,  oil,  and  bubbles  of  air. 
tse  cavities  contain  loose  crystals,  or  a  minute  grain  of  sand.     Some- 
»vit>'  is  so  filled  with  crystals  that  their  form  cannot  be  determined, 
r  forms  can  be  observed  they  are  found  to  be  cubes,  prisms,  etc.     The 
stalti  when  crushed  yield  traces  of  chloride  of  sodium,  calcic  sulphate, 
ajr-babhlfs  are  often  so  numerous  that  the  crystal  becomes  opaque.     In 
z  tbc  air-bubbles  are  often  not  more  than  -rirsTi^  ^^  <^  ^^^  apart,  so  that 
i  niillitins  of  them  exist  in  a  cubic  loch. 

'•  crj'stals  frequeutly  enclose  other  crystals  of  quartz.     Sometimes  the 
\^^rU.  is  coated  with  crystals  of  other  minerals,  such  as  chlorite.    Again, 
•f  planes  can  be  noticed,  parallel  to  some  face,  generally  the  terminal 
I  iJant's,  indicating  successive  stages  of  growth.     Occasionally  we  have 
'I  a  cliange  in  the  conditions  of  growth  of  the  crystal  between  the  depo- 
wi«  layer  or  shell  and  the  others.     Thus  we  find  the  interior  of  crystals 
transparent,  while  the  other  is  perfectly  opaque  and  white  firom  air- 
«lK»wing  that  the  solution  in  which  the  last  layer  was  formed  contained 
^v  rarvly,  an  outer  layer  of  transparent  quartz  covers  the  opaque  one. 
lomnion  may  also  be  seen  in  fluor,  there  being  sometimes  two  or  three 
l^r*  alternating  with  transparent  ones. 

^^pk»,  or  cr}'stal8  enclosing  quartz  crystals. — Metals:  gold.    Flwmdes: 
•    Oxiiles:   tin  stone.     Svlfihwrls:  pyrites,  galena,  tetrahedrite   or 
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fahlerz,  skuttnrudite  or  anaenikkobaltkies,  molybdenite,  cobaltine,  pyrargyrite  oi 
ruby  silver.  Sulphates:  barytes,  gypeum.  Borates:  boradte.  Phosphates: 
apatite.  Carbonates :  calcite,  chalybite,  smithaonite.  Silicates  (anhydrous) : 
hornblende,  beryl,  garnet,  idocrase,  mica,  orthoclase,  sanidin,  adbite,  topat, 
kyanite,  tonnnaline  ;  (hydrous)  clay  or  halloysite  or  bole,  apophyllite,  heulandite^ 
praseolite  or  hydrated  iolite  or  cordierite.  Chromates:  chromate  of  lead,  tong- 
statee,  scheelite. 

Pseudomorphs. — Quartz  in  the  form  of:  Fluorides:  flaor^par.  Oxides: 
corondum,  oxide  of  iron.  Sulphurels :  pyrites,  galena.  Sulphates :  gypsum, 
anhydrite,  barjrtes.  Carbonates:  calcite,  bitter-spar,  chalybite,  bar]rto-calcite^ 
cerusite,  smithsonite,  diallogite.  Silicates:  scapolite  (andalusite — ?),  angite^ 
garnet,  prehnite,  heulandite,  stilbite,  natrolite,  calamine.  Phosphates:  pyromor* 
phite.  Tungstates:  scheelite,  wolfram.  Eisenkiesel  in  the  form  of:  caldte. 
Chalcedony  in  the  form  of :  fluor-spar,  calcite,  bitter-spar,  barytes,  pyromorphite^ 
datholite.  (Camelian,  chalcedony  proper,  and  prase,  occur  in  the  form  of  caldte.) 
HomsUme  in  the  form  of:  fluor-spar,  calcite,  chalybite,  mica.  Semx'itpal  in  the 
form  of:  calcite.  Jasper  in  the  form  of:  hornblende.  Other  minerals  in  the 
form  of  quartz:  hematite, ^limonite,  pyrites,  steatite,  chlorite. 

Ck)rundum,  or  native^ alum inic  oxide  or  AhiiniTift,  Al^Os,  crystallises  in  six- 
sided  prisms  and  pyramids.  When  transparent,  and  coloured  blue,  it  is  the 
sapphire ;  when  red,  the  ruby,  the  most  valuable  of  all  gems ;  when  green,  the 
oriental  ruby,  one  of  the  rarest  gems.  Emery  is  an  impure  corundum,  containing 
ferric  oxide.  Alumina  can  be  obtained  by  dialysis  in  a  soluble  state  ;  in  its  oi^ 
dinary  condition  it  is  one  of  the  most  insoluble  bodies  known.  In  the  flame  of  the 
oxy-hydrogen  blowpipe  alumina  melts  into  a  viscid  liquid,  which  solidifies  into  a 
transparent  glass.  The  normal  hydrate  of  aluminium  is  All(Ho)*,*  Alf(Ho)*  or 
AljOj,  8H,0  ;  it  occurs  in  nature  as  the  mineral  gibbsite  or  fdsSbanyiUf'Y  and  ciy^ 
tallised  as  hydrargyUiU.  The  meta-hydrate,  A110,(Ho)^  H^l,04,  or  Al^OjH^O,  also 
occurs  in  nature  as  the  obscurely  crystallised  mineral  diaspore.  The  latter  mineral 
is  found  in  chlorite  slate,  and  also  accompanies  emery.  There  is  also  an  opaque 
amorphous  hydrate  containing  ferric  hydrate,  called  bauxite.  Alumina  forms  saltB 
called  aluminates,  corresponding  to  the  meta-hydrate,  H2AI9O4.  The  most  im« 
portant  of  these  are  the  spinels  :  Mg^AljO^,  the  magnesian  spinel,  or  balas  ruby, 
Zn*Alj04  ;  gahnitc,  the  zinc  spinel,  Fe''Al,04 ;  Hercinite,  or  the  iron  spinel.  It 
glucinium  be  a  bivalent  metal,  the  chrysoberyl  should  have  the  formula  Be'Al^O^ 
analogous  to  the  spinels,  with  which  it  agrees  also  in  form.  Besides  the  numerous 
aluminous  silicates,  in  some  of  which  the  alumina  appears  to  act  the  part  of  add 
as  well  as  base,  and  the  sulphates  or  alums,  aluminium  forms  the  InterestiBg 
halogen  mineral  cryolite  Na^AlF^,  or  Na^Al^Fj,. 

The  observations  of  Brewster  on  Brazilian  chrysoberyls  are  important  in  can* 
nection  with  the  genesis  of  minerals,  t  He  foimd  layers  full  of  cavities  containing 
liquids  different  from  water.  In  one  crystal  he  observed  two  parallel  layers,  in  one 
of  which  he  observed  not  less  than  30,000  such  cavities  in  about  I-7th  of  a  square 
inch.  Sometimes  the  cavities  contained  two  fluids  which  did  not  mix.  He  noticed 
in  some  cases  that  the  fluid  deposited  dark  matter  which  appeared  ceUular,  as  if 
of  organic  origin.  Some  layers  contain  cavities  filled  with  fluids  without  any  air- 
bubbles. 

Oxides  of  Iron  — Two  oxides  of  iron  occur  as  minerals — ferric  oxide,  coiife> 
monly  called  sesquioxide  or  peroxide  of  iron,  Fe,0„  and  ferrosoferric  oxide,  Fe,04 
or  FeTe%04.     Ferric  oxide  occurs  in  several  states, — crystalline,  massive,  earthy, 

*  The  symbol  AU  is  used  for  the  doable  atom  Als,  which  occurs  in  all  natural  aluminous 
compounds. 

t  The  name  gibbsite  is  sometimes  applied  to  a  phosphate  of  alumina  also. 
X  TransoctUms  qf  Royal  Sockty  qf  Edinburgh,  x.  10. 
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ict,  and  friable.  When  distinctlj  crystallised  in  forms  of  the  hexagonal 
i,  having  a  metallic  lustre,  and  a  specific  gravity  of  4*8  to  5*3,  it  is  called 
ar  iron.  When  it  assumes  a  micaceous  structure  it  is  called  nu4Mceau8  iron, 
ompact  variety,  having  sub-metallic,  or  no  metallic  lustre,  occurring  in  mam- 
ry  dendriform  masses,  and  having  a  fibrous  structure,  is  called  hematite,  a  name 
i  is  noir  u/»ed  as  the  generic  name  of  all  the  varieties.  The  soft  varieties  are 
L  Ttdoehrt  or  eitenrahm^  or  red  inmjroth,  or  acaly  red  iron  when  it  consists 
ghtly  coherent  scales.  It  also  occurs  mixed  with  various  proportions  of  clay, 
^giUaceoJu  iron  r^eg,  reddle  or  red  chalky  etc  Specular  iron  occurs  chiefly  in 
tMt  and  cr}-stalline  rocks,  and  is  sometimes  found  in  ejected  lava.  Hematite, 
iding  und«^  this  tenn  all  the  varieties,  occurs  in  veins  associated  mith  calcite, 
iti,  iDd  barytes,  and  in  beds.  The  softer  varieties  occurring  in  secondary  rocks 
Ik  condition  just  mentioned,  and  also  in  nodules  or  lumps  in  shales,  are  the 
Ak  cbitfly  iif  the  decomposition  of  chalybite  or  carbonate  of  iron.  The  fibrous, 
Immt«  reniform  or  kidney  iron  ore,  may  be  considered  as  the  passage  from 
I  ttUoid  hydrated  to  the  crystallised  oxide. 

Tvo  hrdrates  of  ferric  oxide  are  known — Limonite  or  brown  Ketnatite,  and 
fcfe  The  former  represents  the  orthic  hydrate,  Fe,(Ho)',  or  Fe',0,3fl,0.  It 
m  in  mammillary,  stalactitic,  and  botryoidal  forms,  fibrous,  sub-fibrous,  mas- 
^  ad  earthy,  but  at  most  only  indistinctly  crystallised.  The  orthic  hydrate 
Md  contiin  25*23  per  cent  of  water,  but,  except  some  bog-iron  ores,  it  rarely 
Ml  ftorn  13  t/)  15  per  cent.  Bog-iron  ore  appears,  like  the  corresponding 
^  bvJratoi  silica,  to  have  been,  in  put  at  least,  produced  by  the  action 
fttouk  Yeihru:  ochre  {vitriol  ochre,  etc.)  is  an  argillaceous  variety,  containing 
IK  fcrrir  sulphate,  silicates,  arsenates,  etc.  Limonite  occurs  in  secomlary  and 
*at  J'jnnations,  l»ein£r  formed  by  deposition  from  water,  oroxiilatiou  of  carbonate 
iivfti  frini  denudation  of  calcareous  and  dolomitic  rocks.  Yellow  ochre  Is  per- 
¥*  ia  iut.r<t  oaM.*s  a  de^xwit  from  water  containing  green  vitriol  derived  from  the 
i^vm  {>{  pyrites. 

fr-ditf  i<  the  meta-hydrate  Fe'^505(Ho)*,  or  Fe,03,H,0,  which  should  contain 
il  i^rrtut  of  water.  It  crystallises  in  rhombic  or  trimetric  prisms,  and  also 
CBS  fil^fus,  reniform,  foliated  or  scaly,  and  massive.  Its  colours  are  yellowsh, 
ili»h.  ami  >)la(kL'ih-bn^H'n.  Tliere  are  many  varieties,  dijfifering  chiefly  in  struc- 
I*.  '-^I'lar,  and  associations ;  thus,  ruhin/jlitnmer  is  a  hyacinth-red  micaceous 
^y:*ti^pi"jsUkrit^.  is  an  amorphous  stalactitic  or  massive  kind;  needU-iron 
'ii'AfibNus  radiateil  variety. 

Xttive  ferrosf.- ferric  oxide  is  called  mcupietHe,  from  the  circumstance  that  the 
1»nl  lvail<tone  is  chiefly  of  this  ore.  It  occurs  chiefly  cr^'utalline,  the  crj'stals 
■*a.'*iihc3tif>ns  f»f  the  octahe<lron,  sometimes  of  the  rhombic  do<lecaheflron.  Its 
>>*v  i»  QhQally  black.  It  has  generaUy  a  metallic  lustre.  It  is  also  found  granii- 
t  f^ffij^t,  earthy,  and  as  sand.  It  occurs  both  in  veins  and  be<ls,  associated 
tt  v»\iA,  *yenite,  day-,  chlorite-,  and  hornblende-slates  and  greenstones.  It 
•'W^TH  di><jeminat*rrl  through  those  rocks,  of  which  it  forms  an  imi)ortant  con- 
^»**t.  It  may  be  loijke^l  uj»on  as  the  representative  of  the  spinels,  in  which  the 
»c.iaa  i*  n-pUi^e*!  by  ferric  oxide — indeed,  some  varieties  contain  magnesia.  The 
R'-ty  kn..un  as  fratiklinite,  in  which  zinc  and  manganese  replace  more  or  less 
**  '*-n"U:»  oxide,  representjj  gahnite  or  zinc  spineL 

H*n.aiitt  and  majnietite  occur  as  true  rocks,  sometimes  fonning  whole  moun- 
IB  no.^^  Pur-h  a-*  the  Magnetl)erg  in  the  Oural,  and  Iron  Mountain  and  Pilot 
*^-'  111  liw  Ri>cky  Mountains.     The  two  latter  consist  of  hematite. 

^^n'/rphi. — The  following  minerab)  inclose  specular  iron :  fluor-spar,  quartz, 
^h  2Ln.;ite,  pyrites,  >>arytes,  apatite,  bitter-spar,  scapolite,  dichroite,  cancri- 
».  i-inlar,  albite,  oligoclase,  topaz,  heulandite.  Tlie  following  minerabi  have 
»^'i-«:r.M  a-*  i»eriniori>hs  of  tnagnetiU:  quartz,  bitter-spar,  dolomite,  ai)atite, 
-:••*,  a*::iii')lite,  garnet,  idocrase,  scapolite,  epidote,  aU&nite  (orthite),  sodalite. 
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nepheline,  orthoclase,  topaz,  tourmaline,  phillipsite,  datholite.  Oxide  of  iron 
has  been  found  inclosed  in :  quartz,  rutile,  diaspore,  chalybite,  cerusite,  smith- 
sonite,  anglesite,  garnet,  zircon,  natrolite  (bergmannite).  Iron  foam  has  been 
found  inclosed  in :  fluor-spar,  calcite,  bitter-epar,  barytes,  analcime,  chabazite, 
harmotome. 

Endovwrphs. — The  following  minerals  have  been  noticed  as  endomorpka — 
that  is,  inclosed  in  maffnetite:  pyrites,  copper  pyrites,  amianthua,  scapolite, 
nepheline,  talc,  chlorite  ;  in  iron-glance:  rutile,  brookite. 

Pteudomorpha, — The  following  pseudomorphs  of  the  oxides  of  iron  hare  been 
described  : — Hematite  in  the  form  of :  fluorspar,  quartz,  magnetite,  limonite^ 
gothite,  pyrites,  barytes,  calcite,  dolomite,  chalybite,  pharmacosiderite  or  arseniate 
of  iron,  garnets.  Linumite  in  the  form  of :  fluor-spar,  quartz,  red  copper,  specular 
iron,  pyrites,  marcasite,  galena,  blende  leucopyrite,  barytes,  calcite,  dolomite, 
chalybite,  ankerite,  spherosiderite,  cerusite,  pyromorphite,  pharmacosiderite 
Bcorodite,  augite  (pyroxene),  jeffersoniie,  beryl,  thomsonite  (oomptonite).  OGthiU 
in  the  form  of:  pyrites,  barytes,  calcite,  dolomite,  smithsonite,  calamine,  TiTianite. 
Magnetite  in  the  form  of :  sjiecular  iron,  chalybite,  actinolite,  mica. 

Pyroloaite.— Manganese  is  very  widely  diffused.  Small  quantities  of  it  are 
present  in  nearly  all  iron  ores.  Although  manganese  minerals  rarely  occur  in  such 
masses  as  to  constitute  rocks,  and  that  the  metal  itself  does  not  form  an  important 
constituent  of  rocks,  yet  from  the  functions  which  it  appears  to  perform  in  many 
decompositions,  the  student  should  be  acquainted  with  the  forms  in  which  it 
naturally  occurs.  The  most  important  compound  of  manganese  is  the  manganic 
dioxide  or  pyroluaite,  a  black  or  dark  steel -grey  mineral,  which  occurs  massive, 
granular,  and  renifomi,  with  a  fibrous  crystalline  structure.  The  sesquioxide  of 
manganese  Mn,Og  also  occurs  as  brauniUt  and  hydrated  as  the  common  ore  man- 
ganite  Mn^OsH^O.  Some  specimens  contain  much  more  water,  so  that  it  probably 
represents  Umonite,  with  which  it  appears  to  be  isomorj^hous.  The  representative 
of  the  meta-hydrate  is  polianite,  which  is  isomorphous  with  gothite.  There  is 
another  ore  of  manganese,  containing  a  variable  quantity  of  water,  but  to  which 
no  definite  formula  can  be  assigned,  psilomdan.  This  mineral  is  probably  a  mix- 
ture. There  is  also  a  representative  of  magnetite,  the  manganoso-manganic  oxide 
Mn''Mn*',04  or  hatismannite. 

Pyrolusite,  hausniannite,  and  braunite  occur  as  pseudomorphs  in  the  form  of 
manganite,  and  all  four  in  the  form  of  calcite. 

Sulphides  of  Iron. — Two  sulphides  of  iron  occur  in  nature,  ferric-disulphide 
FeSs,  ^"^^  ferroso-ferric  sulphide  Fe3S4,  or  Fe'Fe*'^^.  Ferric-disulphide  is  dimorphic. 
When  it  crystallises  in  the  monometric  system  it  is  called  pyrites,  and  by  minen 
mundic;  when  it  crystallises  in  the  trimetric  or  rhombic  system  it  is  called  marea- 
site.  I  Pyrites  occurs  crystallised  in  cubes,  octahedrons,  cube-octahedrons,  pentagonal 
dodecahedrons,  etc. ;  also  in  cylindroidal  and  globular  stalactites  and  mammiUated, 
the  surface  being  covered  with  crystalline  facettes,  and  the  interior  fibrous,  com- 
}>act,  etc.  Pyrites  has  a  characteristic  bronze  to  golden  yellow  colour,  nearly 
imiform.  Some  varieties  contain  copper;  others  nickel,  or  cobalt,  or  gold,  or 
silver.  Pyrites  is  one  of  the  most  diffused  minerals  in  nature.  It  is  found  dis- 
seminated in  rocks  of  all  ages.  It  occasionally  forms  veins  of  considerable  extent, 
or  mixed  with  a  kind  of  clay  thin  beds.  Massive  pyrites,  more  or  less  pure,  or 
mixed  with  clay,  is  used  for  making  sulphuric  acid  under  the  name  of  suljiittr  ore. 
Pyrites  is  deposited  by  thermal-mineral  waters,  containing  sulphuretted  hydrogen 
and  iron  at  the  same  time,  such  as  those  of  Chaudes-Aigues  in  Cantal,  and  of 
Bourbon-Lancy  in  the  department  of  SaOne-et-Loire.  In  the  throat  of  the  sulphur 
springs  of  Bagnerres  de  Luchou  in  the  Pyrenees,  cubic  crystals  of  p]rrites  are  de- 
posited on  crystallised  barytes.  According  to  Ebelraen,  pyrites  is  daily  formed 
wherever  organic  matter  in  decomposition  acts  on  the  sulphates  of  mineral  or  sea 
water  in  the  presence  of  ferruginous  mud.     Marcasite  is  of  a  pale  bronze  colour, 
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nclined  to  grey,  and  has  hence  been  called  white  iron  pyrites.     It 
cular  or  fibrous  radiated  maases,  the  struhlkies  or  radiated  pyrites  of 
macleil  ciystals,   forming  dendritic  configurations   {spear  pyrites)  • 
'   aggregations,  like  the  conib  of  a  cock,  hence  named  c(Kksc(mb 
aroa*«ite,   vhen    it  begins   to  decompose,   becomes  externally  of  a 
colour.     The  term  hepatic  pyrites  or  leberkies  is  given  to  tliis  variety, 
not  so  abundant  a  mineral  as  pyrites  :  it  is  not  found,  for  instance, 
iepnfiits  in  old  slate  rocks,  but  it  occurs  in  the  mineral  veins  which 
se  rocks.     It  is  more  or  less  disseminated  in  the  carboniferous  forma- 
ipears  to  become  more  frequent  the  newer  the  rock.    It  is  disseminated 
h  a  fine  state  of  division  as  to  be  imperceptible  in  bituminous  shales, 
trtc.   In  the  shales  and  clays  of  the  lias  and  cretaceous  periods,  as  well  as 
Is  of  the  carboniferous  i>eriod,  it  occurs  in  the  form  of  balls  and  irregular 
lore  or  less  considerable  size.   It  also  occurs  in  radiated  globular  masses 
III  ^pear  macles  in  the  white  chalk  itself.   Arsenical  pyrites  or  mispicket, 
liiu  arsenic  as  well  as  sulphur,  although  differing  several  degrees  in  its 
niarx-asite,  is  perhaps  homceomorphous  with.tbe  latter.     Ferroso-ferric 
nstitutes  the  mineral  pyrrhotine  or  magnetic  pyrites,  which  crystallises 
the  hexa^nal  system.     Its  true  colour  is  between  bronze-yellow  and 
but  owing  to  the  facility  with  which  it  tarnishes  it  is  usually  of  a  reddish- 
ir.  It  is  softer  than  common  pyrites.  It  usually  occurs  massive  in  fissures 
16  rocks  with  magnetite,  and  rarely  in  cr}'stallised  plates.  Perfect  crystals 
"e.    Its  name,  magnetic  p\Tites,  'in  due  to  its  weak  magnetic  properties. 
•^  Kuliihides  of  iron,  when  exposed  to  damp  air,  oxi<lise,  and  produce 
'iiritn  or  ;jret;n  vitriol.     Perfectly  pure  cubic  pyrites  is,  however,  acted 
1 'wly,  and  it  is  tlierefore  probable  that  the  varieties  of  that  mineral 
I  j-^'c  rnadily  are  mixed  with  marcasite,  wliich  is  sometimes  found  not 
iTi.l  with  pyrites  but  j»euetrating  it.     Marcjisite  oxidises  so  readily  that 
it-.:Lt  to  jjreserve  fipeoiiiiens  of  it,  esi)ecially  casts  of  fossils  composed  of 
^ut«T  aiitl  carbonic  acid  there  is  uo  substance  performs  so  important  a 
nature  as  an  agent  of  metaiuorphosis  as  sulpliide  of  iron.     During  its 
*'oiisidenible  (piantity  of  free  sulphuric  acid  is  tbrme<l,  wliich,  acting  on 
tp'  minerals,  among  others  on  aluminous  silicates,  cbssolves  considerable 
"I"  matter,  including  a  very  considerable  quantity  of  the  latter.     This 
iieri  it  circulates  in  fissures  and  penetrates  rocks,  is  a  powerful  agent  of 
1  tiie  quantity  of  aluminous  silicates  dissolved  in  a  nascent  state  in  water 
fr>re  sulphuric  acid  thus  fonne<l,  an  idea  may  be  formed  from  the  fact 
itvr  pumped  up  from  one  mine  in  Ireland  annually  carries  away  more 
iinfired  tons  of  silicate  of  alumina. 

'/i..r;7<<f. — Sulistances  wliicli  decompose  so  readily  and  rapidly,  with 
'f  iiwit,  increase  of  bulk,  and  the  production  of  soluble  substani'es  which 
iirr-unding  bo<lies,  do  not  oflfer  favourable  conditions  for  the  production 
ii"n>lw.  'ilie  following  minerals  are  found  iji  the  form  of  Pyrites  : — 
luarlz,  haiiuatite,  gothite,  limonite,  marcasite,  pyrohotine,  copx>eras. 
lound  in  the  fonus  of  the  following  minerals  : — ([uartz,  specular  iron, 
wlq.ickel,  pyrohotine,  galena,  stephanite  or  brittle  silver,  polybasite, 
^  «'r  ruby-silver,  barytes,  anhydrite,  calcite.  Stephanite  and  calcito 
"Utr^•ed  in  the  form  of  iruircasite.  Pyrites  has  been  found  in  the  forms 
"»<  and  inispicJcel, 

rjx/.^.— pyrites  has  been  oljserved  enclosed  in  the  following  minerals  : — 
pv\ ;  tluor-siKir ;  (luartz,  magnetite ;  pyrites,  pyrohotine,  galena ; 
•Thum,  coelestine  ;  boracite,  calcite,  bitter-spar,  diallogite  ;  augite, 
.  a<tiuolite,  beryl ;  garnet ;  scapolite,  dipyre,  dichroite  or  iolite,  fahlunite 
« i"lite  ;  kpis  lazuli,  adularia,  felspar  ;  apophylUte  ;  harmotome,  stilbite, 
;  ncheeliie. 
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Marcasite  or  radiated  pyrites  has  been  observed  in  the  following  minerals  : — 
gold,  fluor-spar,  quartz,  p3rrites,  pyrargyrite  or,  ruby-silver ;  barytes ;  caldte, 
magnesite,  chalybite ;  apophyllite ;  apatite. 

Pyrohotine  has  been  observed  in  quartz  ;  pyrites ;  calcite ;  hornblende,  scapolite 
(wemerite),  dichroite  or  iolite,  apophyllite. 

Endomorphs, — The  following  minerals  have  been  found  in  pyrites  : — carbon, 
gold  ;  fluor-spar  ;  quartz,  specular  iron  ;  marcasite,  pyrohotine,  galena,  realgar ; 
gypsum  ;  calcite  ;  pyrope-gamet,  zircon,  mica,  felspar,  staurotide. 

Sulphates. — ^The  sulphates  of  geological  importance  are :  thenardite,  glaa- 
ber  salt,  glauberite,  gypsum,  anhydrite,  barytes,  and  alunite. 

Sulphate  of  soda,  although  not  occurring  as  a  rock  except  in  one  instance,  or 
forming  a  constituent  of  rocks,  is  found  under  so  many  circumstances  that  it 
has  great  interest  for  the  geologist  It  exists  in  the  waters  of  many  saline  hot 
springs,  and  especially  in  that  of  Carlsbad ;  it  is  formed  in  winter  in  salt  lakes 
containing  sulphate  of  magnesia.  It  sometimes  crystallises  out  mixed  with  the 
latter  as  a  particular  mineral  called  (utrahanUet  Na'sMg'2S04,4HjO,  in  some  of 
the  salt  lakes  about  the  mouths  of  the  Volga.  In  the  region  of  Lake  Aral  are 
several  lakes,  the  waters  of  which  hold  it  in  solution,  and  from  which  it  crystal- 
lises. Many  beds  of  clay  in  this  r^on  also  abound  in  it.  In  many  of  the  great 
salt  deposits  it  occurs  in  small  quantity.  It  effloresces  at  certain  seasons  on  the 
surface  of  the  soil  in  many  places,  notably  at  Bahia  Blanca,  in  South  America, 
which  derives  its  name  from  the  circumstance.  The  only  recorded  instance 
where  sulphate  of  soda  forms  a  true  rock  is  in  the  valley  of  the  Jarama,  a  tribu- 
tary of  the  Tagus,  in  the  centre  of  Spain.*  It  occurs  there  as  anhydrous  sul- 
phate or  thenardite,  Na,S04,  and  as  qlaitberiU,  a  compound  of  the  anhydrous 
sulphates  of  calcium  and  of  sodium,  Ca  Na,2S04,  associated  with  clay  and  gypeum 
in  beds  extending  for  several  miles,  and  which  in  some  places  are  from  fifty  to  sixty 
feet  thick.  It  was  in  this  district,  at  Espartinas,  that  thenardite  was  first  dis- 
covered ;  but  until  the  discovery  of  these  beds  it  was  a  very  rare  mineral,  only 
found  at  the  place  just  mentioned,  and  at  Tarapaca  in  Peru,  where  it  is  also 
associated  with  glauberite.  The  latter,  except  in  the  valley  of  the  Jarama,  is  also  a 
rare  mineral  occurring  in  small  quantity  in  great  salt  deposits.  Thenardite  and 
glauberite,  on  exposure  to  the  air,  absorb  water,  and,  when  acted  upon  by  water, 
dissolve — the  former  entirely  and  the  latter  in  part.  A  deposit  of  glauber  salt, 
Na'jSO4l0H2O,  has  accordingly  formed  along  the  escarpment  of  the  b^is. 

Calcic  sulphate  or  sulphate  of  lime  occurs  in  nature  hydrated  as  gffpmm,  and 
anhydrous  as  anhydrite.  The  latter  is  found  in  connection  with  common  salt, 
the  form  of  which  it  often  imitates,  the  salt  in  turn  being  found  as  a  pseudomoiph 
of  the  anhydrite.  Anhydrite  is  harder  than  gypsum,  with  which  it  is  generally 
associated.  It  occurs  in  crystals  of  the  trimetric  or  rhombic  system,  but  more 
usually  in  lamellar,  saccharoidal,  and  compact  masses.  The  variety  known  as 
mdpanite,  found  at  Vulpino,  in  the  north  of  Italy,  contains  about  8  per  cent  of 
silica.  Its  specific  gravity  is  from  2*889  to  2 '957,  and  its  hardness  8*5,  or 
about  that  of  calcite.  It  is  used  as  a  marble  under  the  name  of  bardiglio  di 
Bergamo.  In  Nova  Scotia  anhydrite  forms  extensive  beds  belonging  to  the 
carboniferous  period. 

Gypslti,  or  hydrated  calcic  sulphate,  Ca"S04,2HjO,  crystallises  usually  in 
monoclinic  prisms ;  it  also  occurs  laminar,  lamellar,  fibrous,  bacillary,  saccha- 
roidal, and  compact,  mixed  with  calcic  carbonate  or  carbonate  of  lime,  clay,  and 
sulphur  of  various  colours,  but  usually  white.    The  transparent  crystals  are  called 

*  *'  On  the  Deposit  of  Sulphate  of  Soda  in  the  Valley  of  the  Jarama,  near  Anu\Jares,  in 
Spain,"  by  William  K.  Sullivan  and  J.  P.  O'Reilly,  AtlantL^,  vol.  iv.  p.  228;  and  •*  Notes  OB 
the  Geology  and  Mineralogy  of  the  Spanish  Provinces  of  Santander  and  Madrid,"  by  the 
same  authors  ;  London,  1863. 
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th«  fine  fibroiu  variety  mUin-tpar,  and  the  saccharoidal  and  compact  varieties 
r.      G  ypHura  occurs  in  all  formations,  from  the  upper  Silurian  to  the  most 

ej«peciAlly  in  the  carboniferous,  permian,  and  mioccne.  It  is  found 
crystalline  rocks.  It  is  deposited  during  the  evaporation  of  brine,  and  is 
ed  by  the  action  of  sulphuric  acid  generated  by  the  oxidation  of  sulphur  or 
I,  or  evcdved  from  volcanic  fissures.  The  quantity  of  sulphuric  aci<l  some- 
found  in  volcanic  districts  is  well  illastrated  by  the  hot  springs  of  the 
ic  region  of  New  Granada,  in  South  America  ;  two  of  these  produce  actual 
qC  warm  acid  water.  One  of  them,  first  described  by  A.  von  Humboldt,  has 
-ed  the  expresMive  name  of  Rio  Vinagre  or  Vinegar  River.  Gypsum  is  a  very 
oincral,  its  hardness  being  only  I  '5  to  2'0,  or  not  much  more  than  half  that 
hydrite  ;  its  density  is  also  less  than  that  of  that  mineral. 
*€rimerpkt. — Anhydrite  has  been  obser^'ed  as  an  enclosed  mineral  in  quartz 
rock-sah ;  and  gj-psum  in  rock-salt,  pyrites,  and  gypsum.  EncUmuyrphs. — 
foUowing  minerals  have  been  observed  enclosed  in  gj-psum  : — sulphur,  coal, 
m.  oosl,  gold,  quartz,  limonite,  pyrites,  marcasite,  chalcopyrites,  cinnabar,  real- 
utimony  glance,  stephanite  or  brittle-silver  ore,  gypsum,  calcite,  bitter-spar, 
lie,  malachite,  amianthus,  asbestus,  pyrope,  dioptase,  humboldtite  (datholite). 
■iuBorfjAs.  — Anhydrite  occurs  in  the  form  of  common  salt,  pyrites,  gypsum, 
cakite.  G^^psum  occurs  in  the  form  of  common  salt,  anhydrite,  and  calcite  ; 
■U,  limonite,  calcite,  and  strontianite  in  the  form  of  gypsum  ;  and  calcite, 
Mute,  ami  common  salt  in  the  form  of  anhydrite. 

^ms,  baric  sulphate,  or  sulphate  of  barium  Ba'SO^,  crystallises  in  the 
^baoT  trimetric  system.  Its  hardness  is  2*5  to  3*5,  or  the  same  as  that  of 
fcitt  Itii  specific  gravity  is  from  4*38  to  4'72,  hence  the  name  of  heavy-spar 
••to  it  There  are  alsv")  fibnius,  lamellar,  crested,  globular,  coarsely  laminated, 
■■lar.  v»\  massive  varieties.  When  pure  it  is  white,  and  the  crj'stals  trans- 
^  bat  it  is  often  yellowish-grey,  blue,  red,  or  brow^n,  and  opaque.  Barytes 
"frHjBent  mineral  in  metallic  veins  ;  it  also  occurs  as  distinct  veins,  esj>ecially 
*hteton«s  sometimes  accompanied  by  sulphate  of  strontium  or  celestine  and 
P^  C'TTstaU  of  it  are  found  in  the  hot  sulphurous  springs  of  Baj^ieires  de 
■AoQ.  It)i  chief  geological  interest  lies  in  its  connection  with  mineral  veins,  hot 
Ptoi  and  p^euilomorjihism. 

h'^'HHiTjihs. — Tlie  following  minerals  have  been  noticed  in  crystals  of  barytes : 
"fcfiijth,  mercurj',  silver ;  fluor-spar ;  quartz,  micaceous  ii-on,  red  iron  foam,  man- 
Wtp^liite  (pyrohosiderite),  limonite  ;  orpiment,  realgar,  stibnite,  bismuthine, 
^^iWire,  palena,  blen<le,  chmabar,  pyrites,  marcasite,  smaltiue,  chalcopyrite, 
J^*'a''.'rj>hite,  lx»umonite  ;  barytes — tlie  internal  crj'stal  of  barj'tes  being  sonie- 
■i^I*rated  from  the  external  shell  of  the  same  mineral  by  pyrites.     Dolomite 
p«h  h»ve  also  b*:en  oTiserved  on  one  side  of  the  internal  crystal — breunnerite 
ps^pM").    Cavities  have  also  been  noticed  in  crystals  of  barytes.      Sometimes 
■  ttvi'aw  are  full  of  litpiid,  sometimes  only  partially  filled.      Professor  Nicol 
■»  Brtir«il  that  the  liquid  in  the  former  case  yielded  crystals  of  barytes  when 
■f**!  tr.  the  air.     In  iwirtially-filled  cavities  the  liciuid  has  been  found  to  disnp- 
Nnta>-ut  iriO"  Cent,  so  that  the  liquid  must  have  been  very  volatile.    IWi- 
J^—Bantfc"*  has  Wen  ol»sor\'ed  endosetl  in  fluor-si>ar,  quartz,  and  calcite. 
g"|^*.',7»A^— Barj-tes  in  the  form  of:  dolomite,  calcite,  witherite,  baryto-calcite. 
■*"»!»  in  the  f^inu  of  barytes  :  (quartz,  red  iron  ore,  limonite,  gothite,  psilonie- 
■»;  fyrites ;  calcite,  dolomite,  (;lialybite,  cerussite  ;  steatite. 

iLrviTEnr  Alcm-st<jnk  is  a  basic  sulphate  of  aluminium  and  potassium,  formed 
*f  *J.«  der-niposition  of  trachyte  by  sulphurous  acid  vaiwurs.  It  occurs  chiefly 
■te-ivr,  «.f  a  greyish-white  or  reddish  col«)ur,  from  intermixed  ferric  oxide.  The 
•ni*«.f  the  massive  mineral  are  sometimes  lined  with  small  crystals,  the  com- 
Jj^'n  "f  nhich  might  Ihj  representetl  by  the  fonnula  K"jAra(S04)  ,  SJAI.jOh. 
•Hj*'!,  '-r  a  mixture  of  that  salt  with  one  haring  tho  comi>oaiiion  KjAl  j^SO^) 
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2(AljOj.3HjO).  Some  varieties  contain  less  water  than  even  the  latter  formula 
would  require.  The  massive  varieties  contain  sometimes  as  much  as  60  per  cent  ol 
intermixed  silica.  At  Tolfa,  near  Civita  Vecchia,  the  alunite  forms  thick  layers 
on  trachyte,  which  being  differently  coloured,  owing  to  the  different  states  of  oxida- 
tion of  intermixed  iron,  have  a  ribboned  appearance  when  cut  across.  This  mineral 
it  so  liard  that  it  can  be  polisheil  so  as  to  form  a  fine  marble.  In  Hungary  it  is  so 
hard  as  to  be  used  for  millstones.  Tlie  formation  of  the  alunite  is  accompanied  by 
the  production  of  large  quantities  of  silica,  some  of  which,  as  just  stated,  remains 
intermixed  with  the  alunite,  but  the  principal  part  forms  quartz  veins,  sometimes 
honey-coloured,  or  of  the  colour  of  eisenkiesel  from  intermixed  ferric  oxide. 

The  production  of  alunite  is  not  to  be  confounded  with  the  formation  of  alnm 
from  ordinary  alum-slate.  This  is  a  bituminous  slate  containing  disseminated  sol- 
phuret  of  iron.  When  exposed  to  the  air,  the  latter  oxidises,  and  the  slate  swells 
up,  from  the  formation  of  salts  between  the  layers. 

Carbonates. — The  carbonates  of  the  bivalent  metals  may  be  classified  into 
two  categories  according  to  their  crystalline  forms,  namely,  hexagonal  and  rhombic 
carbonates.  Calcic  carbonate,  or  carbonate  of  lime,  crystallises  in  forms  belong- 
ing to  both  systems,  or,  in  other  words,  it  is  dimorphic  The  hexagonal  forms 
are  included  under  the  term  calcite,  the  rhombic  under  that  of  aragoniU,  All  the 
other  carbonates  are  homceomorphous  with  one  or  the  other  of  these.  The  calcite 
group  includes  the  carbonates  of  magnesium,  iron,  manganese,  and  zinc  ;  the  ara- 
gonite  group  the  carbonates  of  strontium,  barium,  and  lead.  Of  these  carbonates 
the  only  ones  which  enter  into  the  composition  of  rocks  are  the  carbonates  of  cal- 
cium, magnesium,  and  iron. 

Calcite  or  Calc-Spar  is,  next  to  quartz,  the  most  abundant  mineral  in  nature. 
Clear  colourless  masses,  cleaving  readily  into  rhombohe<lrons,  are  found  in  Iceland, 
hence  the  name  of  Iceland  sjMzr  given  to  such  cleaved  piec^  possessing  well-marked 
double  refraction.  Zippe  has  described  in  a  monograph  on  the  subject  forty-two 
different  rhombohedrons,  eighty-five  sclenahedrons,  and  seven  dihexahedrons  oi 
calcite.  The  mutual  combination  of  these  simple  forms,  to  which  must  be  added 
liexahedral  and  trihedral  prisms,  gives  rise  to  a  multiplicity  of  modified  forms,  ol 
wliioh  De  Bouniou  has  described  about  700.  Calcite  is  very  often  mixed  with  othei 
isomorphous  carbonates,  Mg'^COs,  Fe'COj,  Mn'COjj,  Zn''COj,  in  the  most  variable 
proportions.  A  specimen  from  Altenberg  or  Vieille  Montague,  for  example^  was 
found  to  contain  8956  per  cent  of  Ca'COj,  8  23  of  Fe''COj,  0*69  of  Mn'CO^  and 
1  '01  of  Zn^COg.  Some  of  those  mixtures  get  special  names ;  thus  when  the  mineral 
contains  an  equal  number  of  molecules  of  the  carbonates  of  lime  and  magnesia,  i1 
is  called  dolmnite. 

Pure  calcite  has  a  specific  gravity  of  2*69  to  2*75,  and  its  hardness  is  3  in 
the  scale  of  Mohs,  wliich  has  ten  degrees,  commencing  with  talc  and  ending  with 
the  diamond.  True  dolomite,  Ca"CO.„  Mg'COs,  which  would  consist  of  64*3  pex 
cent  of  CaCOg  and  45'7  per  cent  of  MgCOj,  is  much  denser  and  harder  than  cAlcite ; 
its  density  varies  from  2'88  to  2*95,  and  its  hanlness  from  3'6  to  4*5.  It  is  alsc 
much  more  slowly  acted  upon  by  solvents.  Specimens  of  the  composition  repre 
sented  by  the  formulae  SCaCOg,  2MgC03  ;  2CaC03,  MgCOg,  etc.,  are  also  often  met 
with.  The  composition  of  many  specimens,  especially  of  the  compact  varieties,  can 
not  be  expressed  by  formul®.  The  angle  of  the  type  or  fundamental  rhombohedroz 
of  dolomite  is  106**  15',  or  a  mean  between  that  of  pure  calcite  106**  6',  and  of  mag- 
nesite  or  bitter-spar  Mg''COg,  which  is  107°  25'. 

Carbonate  of  calcium  forms  a  similar  compound  with  carbonate  of  iron,  called 
ankeriUy  which  may  be  represented  by  Ca''C03,  Fe''COg ;  but  it  is  perhaps  nev« 
of  this  composition,  for  it  always  contains  some  of  the  other  carbonates,  such  as, 
MgCOg  and  MnCOj.  Plumbo-calciU  and  Baryto<alciU  are  calcites  containing  car 
bonnte  of  lead  and  carbonate  of  barium  respectively. 

Aragonite  is  denser  than  calcite,  although  the  latter  is  the  more  stable  form ;  il 
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aspect  an  aeqitioii  to  th«  rate  thai  tbe  mmt  tfalilo  liDim  of  dimorpliie 
I  higlwrdflBritj  thtn  th« laH  ttoUa.  Its  dsMilj  variss  from  2*920  to 
m  powdered  it  Is  from  2*60  to  2*61.  It  is  also  luoder  than  caldt% 
bdng  from  S*6  to  4.  Like  the  riiomliohednl  earbonates,  the  ihombte 
mizi^theachothsr  fai  the  fonnatioik  of  crystals.  Tliiis  many  ancKHiites 
?0y  which  bj  itaelf  oonstitatei  the  homoBomoiphie  mfawnl  sinmiumiie; 
ich  gyatilHiea  alone  as  wikmtet  and  is  also  hamoBomorphie  with 
orms  with  carbooato  of  caldnm  the  mineral  aIttoint§.    This  minoal 

BaOO^CSaOO^  and  a  variable  quantity  of  8KXV    This  ia  also  the  oom- 

baiyto-cakite^  so  that  earbooato  of  barium  la  Uluwise  dimorphic^  ita 
r  form  ^**^i*g^  howeroTy  riiombiG;  When  the  ootresponding  fonns  of  two 
bodies  an  siniilar,  the  bodies  are  said  to  be  isodimofphic ;  the  oaibonstes 

sad  barium  are  therefore  iMdimotphia  Gariionate  of  lead  is  also 
sad  isodimorphic  with  ea]eie«arbonate,  aa  is  shown  1^  its  etystallising 
b  m  plambo-addte,  and  with  aiagonito  in  tarnowitmi^t  a  specimen  of 
afaied  8*86  of  plnmbie  oariMnate. 

\ufgt  crystols  of  ancponito  are  heated,  they  sometimes  swell  np  soddenly 
pieosH ;  smaller  pieces  and  the  fibroos  Yarietiea  become  rotten.  Ooca^ 
KilUry  and  ndiated  masses  cf  angonite  appear  to  slowly  aeqnlre  the 
•tractare  of  cakiteiy  a  change  which  is  indicated  by  the  deawago.  Sndi 
ue  crystalline  msasus  are  found  in  volcanic  districts. 
MMi  which  determine  caldo  oarbonato  to  crystallise  hj  preference  in 
DC,  Tsther  than  that  of  the  other  system,  are  not  known.  It  is  generally 
bt  angonite  is  formed  from  hot  eolations,  and  calcito  from  cold  sola* 
ragniute  is,  however,  freqaently  formed  from  waters  at  ordinary  tempera^ 

if  probable  that  the  crystallisation  of  aragonite  is  dependent  in  natare 
praence  of  excess  of  alkaline  carbonates,  while  calcite  is  formed  in  water 
:  little  or  no  alkaline  carbonates.     This  view  seems  to  be  borne  oat  by 
itkni  of  Becqaerel,  that  when  gjrpsam  is  immersed  at  ordinary  tempera^ 
i  strong  solution  of  monoeodic  carbonate  (bicarbonate  of  soda),  calcic 
is  deposited  as  aragonite,  but  in  dflate  solutions  as  calcite. 
9  the  numerous  crystalline  forms  or  calc-^par,  calcite  occurs  saccharoidal 
iine  limestone,  which  when  perfectly  white  is  steUuary  marble.    The 
"Ue  b  also  given  to  a  number  of  imperfectly  crystalline  varieties,  which 
a  high  iwlish,  and  which  are  variously  coloured  by  carbon,  ferric  oxide, 
ny  limentones  contain  a  considerable  amount  of  clay  intermixed  through 
n  tome  of  thoee  earthy  limestones  the  clay  is  able  to  combine  with  the 
ai  it  is  burnt ;  such  limestones  are  called  hydrauHe  UmeMonea.     The 
(i  vbich  depend  from  the  roofs  of  caverns,  and  the  stalagmites,  or  irregular 
f  caldc  carbonate  which  form  on  the  floors  of  caverns,  are  deposited  from 
r  oozing  through  the  roof.     When  the  carbonate  precipiteted  from  water 
loose,  and  friable,  it  is  agaric  mineral,  or  generally  cole  sinter ;  when 
ud  safliciently  hard  not  to  be  friable,  it  is  calcareous  h^fa.   When  stelac- 
^  ii  hard,  semi-translucent,  yellowish-white,  or  somewhat  opalescent, 

the  true  alabaster.  When  calcite  occurs  in  small  spherical  grains, 
i  together  like  the  roe  of  fish,  it  is  called  ooUie,  When  the  grains  are 
^OQttheaizeof  apea,itistermedinsoZt7e.  ifaW  is  a  friable  earthy  variety 
N  containing  a  variable  proportion  of  clay. 

WXATE  or  Maohesium  as  a  separate  mineral,  Maonebitb,  is  of  very 
y  importance  to  the  geologist  It  occure  chiefly  associated  with  serpentine, 
d  with  calcic  carbonate  it  forms  the  mineral  dolomite  or  frttter^ipcir  already 
^  SDd  the  immense  manses  of  dolomitic  limestones  which  oconr  especially 
l»  jonssic  rocks.  Combined  with  carbonate  of  iron  it  forms  the  mineral 
ite  or  mesUine  spar  MgCO„  FeCO,.  This  formoU  represento  42  per  cent 
ittte  of  magnesiom^  and  58  per  cent  of  cMrbooMte  of  iron.    Bat  the  pro- 
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portion  varies  very  much,  some  specimens  containing  so  little  as  to  be  reckone 
impure  magnetite.  All  dolomitic  rocks  contain  some  ferrous  carbonate,  but  st 
times  the  quantity  equals  or  even  exceeds  the  amount  of  magnesic  carbou 
These  varieties  of  dolomite  are  included  imder  the  name  of  ankeriU  with  tl 
containing  very  little  magnesic  carbonate.  The  name  brown  spar  is  someti 
given  to  dolomites  and  some  kinds  of  breunnerite,  which  in  consequence  of 
considerable  amount  of  ferrous  and  manganous  carbonates  which  they  con 
become  brown  and  even  black  by  oxidation,  hence  the  name  brown  spar, 
ferrous  carbonate  of  dolomitic  limestones,  which  often  amounts  to  4  or  5  per  c 
and  sometimes  to  very  much  more,  is  the  source  in  many  cases  of  great  deposit 
carbonate  of  iron,  and  of  hematite  and  limonite,  when  the  dolomite  is  denuded 

Chaltbite  or  Spathic  Iron  is  the  name  given  to  ferrous  carbonate  when  fo 
crystallised  or  massive.  Like  the  other  carbonates  mentioned  it  is  generally  mi 
with  more  or  less  carbonates  of  manganese,  magnesium,  calcium,  and  zinc,  especi 
with  the  two  first.  One  of  those  mixtures  containing  2MuC03,8FeCX)3  is  ca 
oligon  spar.  Cholybite  occurs  in  the  older  rocks  and  associated  with  limestone 
veins  and  in  beds,  which  are  sometimes  of  enormous  extent  Mixed  with  c 
and  as  in  Westphalia  with  coal  and  clay,  ferrous  carbonate  forms  the  impon 
ore  of  iron,  day-ironsUme,  which  occurs  so  abundantly  in  many  parts  of  the  c 
measures,  and  in  the  lias  and  oolite  of  England. 

The  carbonates  of  calcium,  magnesium,  manganese,  iron,  zinc,  etc,  are  soli 
to  some  extent  in  water  saturated  with  carbonic  acid.  If  the  water  be  satun 
with  the  gas,  under  a  considerable  pressure  and  at  a  high  temperature,  their  solubi 
becomes  greatly  increased.  Hence  many  thermal  waters  contain  so  much  ci 
carbonate  that  they  deposit  large  quantities  when  they  come  to  the  surface.  W 
water  containing  carbonates  of  calcium,  magnesium,  iron,  and  manganese 
exposed  to  the  air,  the  manganic  carbonate  is  converted  into  manganite  or  hydi 
manganic  oxide,  or  into  pyrolusite  or  manganic  dioxide,  which  is  precipitated  f 
the  ferrous  carbonate  gradually  oxidises,  and  is  precipitated  as  ferric  hydrate, 
carbonate  of  calcium  then  crystallises  out  mixcKl  with  carbonate  of  magnesiun 
it  separates  as  calcite,  but  almc^t  free  from  it  if  it  separates  as  aragouite.  ' 
calcic  carbonate  that  separates  last  is  free  from  iron.  In  this  way  we  can  un 
stand  why  the  Jlos /erri  or  Jloioer  ofirorif  a  coralloidal  form  of  aragonite,  whic! 
found  in  beds  of  iron  ore,  is  so  free  from  iron.  When  the  carbonates  precipi 
without  access  of  oxygen,  this  separation  does  not  take  place,  at  least  to  the  » 
extent. 

There  can  be  no  doubt  that  true  dolomite  may  be  formed  by  precipitation  fi 
sea-water.  It  is,  however,  also  fomied  by  metamorphic  action.  The  procesi 
dolomitisation  may  sometimes  be  followed  through  all  the  stages  in  blue  limesti 
which  becomes  brownish-yellow  as  the  metamorphosis  advances.  That  colou 
due  to  the  iron  which  is  introduced  along  with  the  magnesia,  often  to  the  exi 
of  3  or  4  per  cent ;  veins  of  breunnerite  being  sometimes  even  formed. 

En-iomorphs  or  minerals  enclosed  in  calcite  crystals  :  silver,  mercury,  cop 
gold ;  fluor-spar ;  quartz,  rutile,  brookite,  specular  iron,  iron  fi-oth ;  realj 
antimony  glance  or  stibnite,  silver  glance,  erubescite,  galena,  cinnabar,  miller 
pyrohotine,  pyrites,  marcaaite,  mlspickel,  breithauptite  or  antimonial  nicl 
chalcopyrite,  plagionite,  pyrargyrite  or  ruby-silver,  tetrahedrite  ;  bary 
C3lestine ;  chalybite,  smitlisonite,  azurite,  malachite ;  amianthus,  green  ea 
garnet,  idocrase,  epidote,  mica,  titanite,  glauconite  (liislopite),  metachlor 
apophyllite,  calamine,  mesotype,  stilbite  (desmine) ;  apatite. 

Endomorphs  in  aragonite :  quartz ;  barytes  ;  calcite,  aragonite,  strontiani 
mica.  Sorby  observed  cavities  in  aragonite  in  Vesuvian  lava  containing  a  liq 
and  air  ;  the  latter  occupied  about  one-tenth  of  the  space  of  the  fluid,  whence 
concludes  that  the  cavities  were  formed  at  a  temperature  of  about  160^  Cent. 

Endomorphs  in  dolomUe :  mercury;    specular  iron,  iron  froth,  magneti 
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from  the  felspar  in  which  the  crystals  were  formed.  Sometimes  the  alumina  and 
magnesia  are  present  in  part  as  Mg''Ar,04,  a  compound  represented  by  spinel,  or 
as  [Mg'',Fe'7'Als'*04,  or  a]  magnesia-iron  spinel  ITie  perimorphs  and  endomorphs 
of  augite  show  that  the  aluminous  silicate  varies  with  the  conditions  under  widch 
the  crystals  were  formed.  The  aluminous  silicates  are  allomorphs  taken  up  by  the 
augitic  meta-silicates ;  and  their  amount  depends  upon  the  relative  proportion, 
among  other  things,  of  the  substances  forming  the  fluid  mass  from  which  the 
crystals  separate.  The  common  augites  are  chiefly  black,  and  greenish  and 
brownish-black  and  very  lustrous,  hence  the  name,  from  ai>y4  lustre.  The 
crystals  cleave  like  hornblende  parallel  to  the  faces  of  the  monoclinic  prism.  In 
the  augites  of  both  classes  the  magnesium  is  sometimes  almost  wholly  replaced 
by  calcium  and  iron.  The  hedenbergite  above  mentioned  is  an  example  of  the 
non-aluminous,  and  its  American  variety,  hudsonite,  of  the  aluminous  varieties. 
Uudsonite  is  extremely  ferruginous,  and  contains  about  10  per  cent  of  alumina, 
partly,  no  doubt,  as  felspar,  and  partly,  perhaps,  as  an  iron  spinel  like  herdnite. 

There  are  several  other  minerals  which  may  be  r^arded  as  varieties  of  augite, 
such  as  some  of  the  specimens  of  the  calcic  sodic  disilicate,  cegyrin  (others  are 
referred  to  the  hornblende  sub-group) ;  acniite,  which  contains  alumina,  a  zinc  augite 
called  jefersonite,  and  a  nearly  pure  meta-silicate  of  manganese  called  rhodoniie, 
from  its  rose-red  colour. 

EnstatiUy  which  may  be  represented  by  the  general  formula  of  augite,  is  a 
silicate  of  magnesium,  sometimes,  however,  combined  with  silicate  of  iron 
Fe"Si03.  Descloizeaux  has,  however,  shown  that  it  is  rhombic,  and  not  mono- 
clinic,  the  obtuse  angle  of  its  prism  being  92°  to  93",  cleaving  parallel  to  faces  of 
the  prism,  the  face  of  cleavage  having  a  fibrous  aspect.  Its  colours  are  light 
grey,  yellowish  or  greenish.  It  forms  a  constituent  of  some  rocks,  as,  fur 
instance,  Iherzolite,  a  Pyrrenean  rock  consisting  of  olivine,  diopside,  and  this 
mineral. 

Augites  exhibit  a  tendency  to  take  up  water.  Scheerer  suggested  that  this 
water  replaced  magnesia,  three  molecules  of  water  replacing,  according  to  his  hypo- 
thesis of  polymeric  isomorjihism,  one  of  magnesia.  It  is  more  probable,  however, 
that  it  represents  the  water  of  the  orthic  acid,  or  the  saturated  condensed  acid 
corresponding  to  the  original  augite.  When  augites  take  up  water  in  this  way 
they  may  be  regarded  as  in  the  first  stage  of  alteration.  The  most  important  of 
these  hydrated  augites  are  diollage  and  bronzite.  Diallage,  which  includes 
Schiller  spar  in  part,  is  a  thin  foliated  mineral,  cleaving  readily  in  a  direction 
parallel  to  the  orthic  or  rectangular  secondary  axis,  the  cleavage  parallel  to  the 
prismatic  face  being  unrecognisable.  Some  varieties  have  a  kind  of  striated  snr- 
face,  which  produces  a  dull  mother-of-pearl  lustre.  Its  colour  is  of  various  shadea 
of  {Mile  green,  greyish -green,  grey  and  broi^vii,  and  sometimes  bronze.  When  oC 
the  latter  colour,  it  may  be  considered  as  bronzite.  Diallage  is,  however,  geni^ 
rally  more  calcareous  than  bronzite,  in  wliich  the  magnesia  generally  predominates. 
The  latter  has  a  laminar  structure,  well  marked  in  some  varieties,  but  inclined  to 
a  fibrous  structure  in  others.  Diallage  may  be  regarded  as  the  hydrous  repre- 
sentative of  the  calcareous  augites,  and  bronzite  of  the  magnesian.  Both  are 
related  to  the  mineral  hyperathene.  Tliis  mineral  derives  its  name  fh)m  irwip 
cOhWy  over  strength,  because  it  is  denser  and  harder  than  hornblende.  It  is  a 
highly  ferruginous,  slightly  hydrated  mineral,  generally  of  a  brown  colour,  olteni 
blackish-brown  to  pitch-black.  Its  principal  cleavage  face  exhibits  a  copper  red 
metallic  iridescence,  due  to  microscopical  lamina)  of  titaniferous  iron.  According 
to  Descloizeaux  hyperethene  does  not  belong  to  the  augite  series,  virith  which  it 
has  hitherto  been  connected.  He  has  shown  that  it  is  not  monoclinic,  but  rhombic^ 
the  angle  of  its  prism  being  90°  30' ;  it  cleaves  like  diallage,  but  the  augitio 
cleavages,  that  is  those  parallel  to  the  faces  of  the  prism,  are  still  distinguishable. 
It  is  harder  than  diallage;  its  specific  gravity  is  from  3*3  to  3*4.     Diallage  occun 
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chieflj  in  a  kind  of  rock  allied  to  serpentine,  called  gabbro.  Bronzite  occurs  in 
terpentine,  and  hypersthene  chiefly  in  a  particular  kind  of  rock  called  hyi)er^ 
Bthenite.  There  are  eeTeral  varieties  of  the  preceding  hydrated  minerals,  such  as 
Madamie^  which  is  intermediate  between  bronzite  and  bypersthene.  PavZite  is  a 
hypenthane  from  the  island  of  St  Paul. 

BeuHie  is  a  mineral  of  a  leek  to  olive  green,  passing  into  yellow  and  brown 
otdonrs,  foond  in  serpentine  at  the  Baste,  in  the  Hartz.  It  is  by  some  considered 
as  a  slightly  altered  ciystalline  serpentine,  but  it  is  rather  a  variety  of  augite, 
leUted  to  bronzite  and  h3rperBthene.  If  its  water  be  regarded  as  basic,  it  would 
be  an  ortho-silicate,  and  supports  the  view  that  the  hydrated  augites  are  meta- 
nlicates  passing  into  orthic  silicates.  Augites  like  hornblende  assume  a  fi1)rous 
or  asbestifonn  structure  ;  these  asbestiform  varieties  of  augite  represent  chiefly 
diopside. 

HOR^BLEHDE,  like  augite,  is  a  term  which  includes  a  great  variety  of  minerals, 
belonging,  probably,  to  one  crystalline  series.  This  series  belongs  to  the  raouo- 
diaic  s\-stem  ;  the  hardness  varies  between  5  and  6,  the  specific  gravity  between 
2*9  and  3*4.  The  name  is  derived  from  the  peculiar  polished  horn-like  lustre 
of  the  faces  of  cleavage.  The  colours  vary  from  black  to  white,  through  various 
(hades  of  green ;  many  tremolites  are  white,  actinolite  is  of  various  shades  of 
green  to  blackish-green,  common  hornblende  is  black,  usually  opaque  and  trans- 
iiioent,  but  sometimes,  though  rarely,  almost  transparent,  l^e  crystalline 
gnrnpings  and  configurations  are :  columnar,  baccillary,  fibrous,  parallel  or 
isdiated,  rarely  lamellar ;  granular,  both  coarse  and  fine.  The  fibres  are  some- 
times so  fine  that  the  filaments  may  be  spun. 

Like  the  augites,  the  hornblendes  may  be  divided  into  the  non-aluminous  and 
ihuainous.  To  the  former  belong  trenwliU  or  gramnuitite,  a^tintdite,  ashestus, 
axtkoj^ylliU,  and  cummingUmite ;  to  tlie  latter  comvwn  htymblende^  uraJiU,  and 

The  hornblendes  are  also  meta-silicates,  and,  like  the  augites,  may  be  repro- 
»Dted  by  the  general  formula  (^fSiO^)**,  in  which  M"  represents  the  metals 
calcium,  magnesium,  iron,  and  sometimes  manganese.  Augite  and  hoi-nbleude 
Ksy  be  considered  as  dimorphic  forms  of  the  isomorphic  meta-silicates  just 
ftaoed.  The  intimate  relation  existing  between  them  has  long  }>een  recog- 
Bin^d.  Berthier,  and  after  him  Mitscherlich,  found  that  the  fused  tremolite  of 
St  Gothard  assumed  the  form  and  structiure  of  augite  on  cooling,  while  on  the 
ttfcer  hand  diopside  melted  in  a  crucible  reassumed  its  augitic  fonu  on  cooling. 
Gostav  Roae  confirmed  these  results  by  melting  actinolite  of  zillerthal,  and  allow- 
Bg  it  to  cool  slowly.  When  cold  it  formed  a  mass  of  radiated  needles  of  the  form 
t^  augite.  It  is,  however,  believed  that  the  hornblende  form  is  the  result  of  slow 
Kkding,  and  the  augite  form  of  rapid  cooling.  Whether  this  be  so  or  not,  or 
vhetfacr  hornblende  can  be  fonned  by  fusion  at  all,  it  is  remarkable  that  in  almost 
crery  instance  hornblende  crystallises  in  rocks  containing  excess  of  quartz  or 
bifhly-silicated  minerals  like  orthoclase,  and  augite  always  in  basic  rocks,  such  as 
tbone  containing  the  lime  felspars.  The  silicates  of  the  magnesian  series — calcium, 
kjgnesiujD,  iron  manganese — appear  to  be  iwlymorphic,  if  we  recognise  enstatite 
tt  a  distinct  species.  The  synthesis  of  augite  was  made  by  Berthier  by  fusing 
^  necessary  proportions  of  lime,  magnesia,  and  silica  in  a  porcelain  furnace,  and 
ilkTwing  the  compound  to  cool  slow.  Angite  crystals  frequently  occur  among 
ih(&  of  blasi-fumaces,  as  was  first  observed  by  Noggerath. 

The  great  facility  with  which  the  minerals  of  both  series  vary  in  composition, 
nd  in  this  respect  they  vary  more  than  other  series,  is  explained  by  the  fact  that 
4e  homologoua,  or  condensed  series  of  meta-silicic  acids  are  polymeric,  or  simjilo 
■»itiple*  of  HtSiOg  (see  table  of  siUcic  acids,  p.  58).  Hence  the  union  of  a 
BMnber  of  isomorphic  meta-silicates  is  only  like  the  union  of  a  number  of  mole- 
ales  of  the  same  body,  while  the  condensation  of  any  of  tlie  otlier  acids  producvsa 
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a  differently-constituted  molecule  by  each  successive  condensation ;  thus  Hi^Si^is 
is  merely  six  times  H^iO,,  but  HgSisOig  is  not  a  multiple  of  any  simi^er 
acid.  Hence  a  specimen  of  augite  or  hornblende  may  vary  firom  ]ltr2(SiO|)^  to 
M''7o(Si03)^^  or  even  more,  without  changing  the  crystallographic  series  of  the 
mineral,  or  even  producing  any  appreciable  change  in  Uie  values  of  the  angles.  But 
K'sAl'^^SifOis,  or  the  formula  of  potash  felspar,  which  represents  the  acid  HgSi^Oici 
if  doubled,  would  represent  an  acid  HigSiijOi,*  belonging  to  a  different  series  of 
homologous  acids,  and  the  hex-silicic  acid  of  which  would  be  H4Si«Ox4,  while  the 
dodecasilicic  acid  homologous  with  the  felspar  type  would  be  H^ij20,4.  These  two 
acids  would  give  salts  wholly  unlike,  which  could  not  combine  in  the  same  crystal 
as  isomorphic  molecules,  though  they  might  possibly  do  so  to  form  heteromeric 
crystals,  with  different  values  of  the  angles.  From  this  it  is  evident  that  augites 
and  hornblendes  vary  in  composition  in  a  totally  different  way  from  the 
felspars. 

Tschermak  looks  upon  the  typical  formula  of  tremolite  as  Ca*Mg^3(SiO,)^  that  of 
augite  being  Ca*Mg''(Si03)',  and  believes  that  in  the  aluminous  hornblendes  there 
are  in  addition  small  quantities  of  two  other  silicates,  Ca'Mg'][AI%]^i30i]  or 
CaO,MgO(Al,03),(SiO,)^  and  Na'^*'^i40i3  or  Na,OAl,03(SiO,)*.  Most,  if  not 
all  the  aluminous  hornblendes,  like  the  aluminous  augites,  contain  felspar,  and 
sometimes  aluminates,  like  spinel.  As  the  aluminous  varieties  of  both  minerals 
are  found  in  felspar  rocks,  and  have  consequently  crystallised  in  a  fluid — 
whether  fused  rock  or  aqueous  solution — containing  felspar,  it  seems  more  reason- 
able to  assume  that  a  little  of  that  compound  is  mixeid  up  with  the  poljrmerie 
meta-silicates  than  that  a  totally  different  silicate  should  be  formed  during  the 
crystallisation,  and  one,  too,  which  does  not  appear  to  exist  as  an  individual  ' 
mineral.     The  microscopic  examination  of  the  crystals  also  supports  this  view. 

Of  the  varieties  of  hornblende,  the  following  are  deserving  of  special  atten- 
tion : — 

a.  Non-Aluminous. — Tremolite,  from  the  valley  of  Tremola,  in  Switzerland,  - 
Ca''Mg^,Si40i,  or  Ca''Si033MgSi03,  is  generally  white,  or  with  a  greyish-greenish, 
or  yellowish  tinge.  Si)ecific  gravity  2 '93,  transparent  or  translucent  in  sin^e 
crystals,  which  are  fibres  or  slender  blades,  distinct  or  traversing  a  gaogue,  or 
aggregated  in  coli  mnir  or  radiated  masses.  It  is  found  in  granular  limestoiie. 
Calamite  (from  ca,am  is,  a  reed)  is  an  asparagus-green  variety  found  in  prismatie  - 
crystals  in  serpentine. 

HaphiliU  (from  /ia<f>lt,  a  needle)  is  an  asbestiform  variety. 

Actinolite  (from  6,KTi»,  a  ray)  occurs  in  bright-bladed,  baccillary,  or  radiated 
crystals.     When  the  crystals  are  distinct  it  is  glassy  actinolite.     The  crystals  haw  .^ 
a  specific  gravity  of  3*02  to  3*06,  and  break  transversely  with  facility.     UndiV  . 
the  name  of  actinolite  are  included  the  hornblendes,  consisting  of  mixtures  of  thft  ; 
isomorphous  meta-silicates  of  calcium,  magnesium,  and  iron  (ferrosum). 

AfUhophyUite  (from  &v0o4>v\Kov,  a  clove,  on  account  of  its  brown  oolom)  - 

includes  chiefiy  hornblendes,  consisting  of  raeta-silicates  of  magnesium  and  inm  

(ferrosum),  white  and  light-coloured  varieties  of  asbestos  (d^/Scoros,  unconsumaUe)^  rr 
are  usually  tremolite  or  actinolite,  and  dark-coloured  ones  anthophyllite. 

/3.  Aluminous. — Common  hornblende  includes  the  dark-green  and  black  alu-  "^^ 
minous  varieties  occurring  in  distinct  crystals,  crystalline  aggregates,  or  maaaiTa.  t^^- 
Specific  gravity,  31  to  3*4. 

Uralite  is  a  kind  of  paramorphic  augite ;  that  is,  a  mineral  having  the  oxteimli;^^ 

form  of  augite  and  the  cleavage  of  hornblende.     The  two  varieties  are  different)r:; 

mingled  in  different  specimens.     The  variety  of  diallage  of  a  grass  to  an  emendd^^--:: 
green  colour,  called  from  the  latter  colour  smaragdite,  which  occurs  as  a  consti* 
tuent  of  the  rock  called  gabbro  or  diallage  rock,  and  the  comparatively  rare  rook.;. 
eklogite,  has  been  shown  to  be  an  intergrowth  of  augite  and  hornblende. 

IHastatite  and  pargasHe  are  only  varieties  of  common  hornblende ;  the 
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exhibiting  a  difTerenoe  in  the  yalne  of  the  angles,  dae  perhaps  to  the  quantity  of 
■agnetic  aluminate  which  it  contains. 

Penmorpht.  ^Angite  sab-group  :  Cryiitals  of  augile  in-rquartz,  augite,  horn- 
lilaide»  idocrue,  meionite,  wemerite  (scapolite),  niellilite,  mica,  sodalite,  haiiyne, 
kacite*  nepheline,  sanidin,  titanite,  analcime,  thomsonite  ;  of  diopdde — in  garnet, 
idocnse,  orthodase ;  of  owtphweUe  in  epidote ;  of  diallage  in  hornblende ;  of 
hfperMKe9ie  in  hornblende.  Hornblende  sub-group  :  Crystals  of  hcmbUnde  in — 
flaor-spar,  quartz,  cobaltine,  augite,  garnet,  idocrase,  zircon,  wemerite  (scapolite), 
aodalite,  nepheline,  sanidin,  anorthite,  pennine  (chlorite)  ;  of  aettnolitej  etc,,  in — 
quartz,  axinite,  adularia,  tourmaline  ;  of  amianthus  and  asbeatiu  of  both  augite 
and  hornblende  groups  in — quartz,  magnetite,  gypsum,  calcite,  dolomite,  augite, 
Ittmblende,  garnet,  prehnite,  stilbite. 

Endmeiorphs. — Minerals  enclosed  in  augite ;  magnetite,  pyrites,  augite,  hom- 
Ueode,  amianthus,  asbestus,  olivine,  garnet,  oerstedite,  mica,  leucite,  nepheline, 
kbradorite,  apatite.  In  hornblende :  calcite,  augite,  diallage,  hypersthene, 
uaianthna,  asbestus,  idocrase,  mica,  felspar,  disthene  (kyanite),  chabazite,  grau- 
Adn  (iserin),  apatite.  In  a^Hnolite  and  anthophyUite :  quartz,  magnetite,  pyrites, 
fjnhotine,  chalcopyrite,  olivine,  garnet,  mica,  sanidin,  lievrite,  talc. 

P§eudomarph8, — In  forms  of  augite :  quartz,  hornblende,  asbestus,  garnet, 
Bica,  green  earth,  cimolite,  serpentine,  steatite,  talc.  In  forms  of  hornblende : 
qnartz,  asbestus,  green  earth,  mica,  serpentine,  steatite,  talc,  chlorite,  chabazite. 

Wedding  noticed  in  the  augite  crystals  of  Vesuvian  lavati  a  multitude  of 
Biante  bubbles  like  what  are  seen  in  ice.  Sorby  foimd  in  similar  crystals  what 
he  ealht  **  ^ass  cavities,'*  containing  at  least  two  kinds  of  crystals,  which  some- 
tizDfc)$  pniject  beyond  the  wall  of  the  cavity,  as  if  they  were  formed  at  the  same 
time  with  the  augite.  Several  Scottij*h  augites  have  the  same  structure.  Sorby 
has  also  found  in  many  specimens  of  hombleude  in  blocks,  ou  the  Monte  Somma, 
csTities  partially  filled  with  liquid.  From  the  proportion  of  the  volume  of  the 
feiid  to  the  empty  space,  he  calculates  the  temperature  at  which  they  were 
adDsd  was  SeO"*  Cent 

Pel^sfar  Group. — ^The  felsjMir  group  is  the  most  important  of  all  rock-forming 
^T**"N  The  number  of  varieties  which  have  received  special  names  is  very 
vmderable,  and  until  the  researches  of  Sartorius  von  Waltershausen  and  Tscher- 
Kik,  their  composition  and  relationships  were  very  unsatisfactory.  The  former 
ihoved*  that  the  variation  in  the  amount  of  silica  in  the  majority  of  felspars  was 
tbo  gnat  to  allow  of  their  being  considered  as  distiDct  mineral  species,  and  that 
ttey  were  mixtures  of  some  few  definite  bodies.  These  he  assumed  to  be  anor- 
thite, albite,  and  krablite,  a  kind  of  felspar  containing  lime,  so  named  by  For- 
(kiBmer,  &om  Krabla,  in  Iceland,  where  it  is  found.  Tschermak,  following  out 
Bctorioa  von  Waltershausen's  views,  divides  f  the  felspars  crystallographically 
■to  two  series :  1.  Orthodase  {6p06t,  straight,  and  xXdais,  cleavage),  or  monoclinic 
fcfapan ;  and  2.  Plagioclase  {ir\dyio%  slanting  or  obli([ue,  and  icXd^ts,  cleavage), 
ctiidinie  felspars.     He  admits  three  definite  chemical  compounds  : — 

Orthodase,       1.  Orthoclase,  K,0,Al,08,(SiO,)<,        =  K',Ar,Si«Oi(, 

PLunoelojie    \  ^-  ^^^^**'         Na,0,Al,03,(SiO,),      =  Na'^^^^ieOi, 
ftagweiase,  j  3^  Anorthite,  (CaO)j,(Al,0,),(SiO,)4  =  Ca%Ar4Si40i(, 

Otfboclase  and  albite  may  be  considered  as  acid  felspars,  in  contradistinction 

^ftea2X>rthite  or  basic  felspar.     All  other  felspars  are  mixtures  of  these  three. 

not  admittlDg  the  isomorphism  of  potash  and  soda,  considers  that  all 
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orthoclase  crystals  containing  soda  are  simple  mixtures  ;  that  is,  that  the  crystal 
are  built  up  of  heteroroorphic  materials.  Haidinger  was  the  first  to  draw  atter 
tion  to  the  intergrowth  of  orthoclase  and  albite.  In  1823  Gnstav  Rose  showe 
that  the  orthoclase  of  Hirschberg,  a  well-known  locality  for  that  mineral,  was 
mixture  of  those  two  minerals.  But  it  was  Breithaupt's  and  Gerhard's  investigi 
tion  on  perthite  that  clearly  showed  that  many  potash  felspars  consisted  c 
alternate  lamellse  of  orthoclase  and  albite.  In  the  case  of  perthite  this  altematio 
can  be  seen  by  the  difference  of  colours  ;  in  other  cases  the  cleavage  planes  sho^ 
the  twin  striations.  In  some  large  opaque  crystals  the  albite  sometimes  decays  on 
almost  wholly,  and  leaves  a  kind  of  skeleton  of  transparent  or  translucent  orthc 
clase.  The  crystalline  forms  of  albite  and  anorthite  do  not  differ  so  much  a 
those  of  albite  and  orthoclase  ;  minerals  formed  of  a  mixture  of  the  former  ai 
consequently  more  intimately  mixed.  Tschermak  looks  upon  albite  and  anorthit 
as  isomorphic  In  doing  so  he  excludes  as  a  condition  of  isomorphism  similarit 
of  chemical  constitution.  According  to  him  isomorphism  is  not  an  intrinsic  pn 
perty  of  the  chemical  atoms  or  molecules  of  a  body  ;  they  are  not  like  brick: 
which,  if  they  once  fitted  into  a  hole  left  by  another,  should  do  so  on  all  occasion) 
The  isomorphism  of  any  two  bodies  depends  upon  certain  conditions  which  ma 
be  fulfilled  in  one  case  and  not  in  another.  This  view,  while  somewhat  difierei 
from  the  isogonism  of  Laurent,  is  even  a  wider  extension  of  the  idea  of  isomoi 
phism  than  he  contemplated. 

The  angles  of  albite  and  anorthite  do  not  differ  from  each  other  more  than  thos 
of  bodies  usually  considered  isomorphic,  or  more  correctly  speaking  homoeomorphic 
they  resemble  each  other  in  optical  properties,  and  there  is  a  gradation  as  regarr 
cleavage  from  albite  to  anorthite.  Their  atomic  volumes  approach  closely,  whij 
albite  differs  somewhat  in  this  respect  from  orthoclase.     Thus  : 

Orthoclase,  KsO.A]508(SiOa)e 
Albite,         Na,0,Al,0,(Si02)e 
Anorthite,   (CaO)j,(AljO,),(SiO,)4 

The  whole  of  the  felspars  have  been  classified  into  ten  series.  At  one  en 
stands  the  potash  felspar,  at  the  other  the  lime  felspar :  in  the  middle  the  soc 
felspar,  albite.  The  following  table  gives  the  ten  series,  showing  the  limits  « 
each  series  as  regards  the  three  constituents  which  characterise  the  fundament 
felspars : — 

Orthoclase  group  : — 

^  g  r  1.  Adularia  series,  16  to  13  per  cent  of  potash,  and  0  to  2  percent  of  sod 

a  S  )  2.  Amazonite  „      13  to  10  „  „  2  to  5 

o  .2  ]  3.  Perthite      „      10  to    7  „  „  5  to   7 

^fe  (  4.  Loxoclase    „        7  to    4  „  „  7  to  10 

Plagioclase  group : — 

1^6.  Albite    series,  0  to    2  per  cent  of  lime,  and  12  to  10  per  cent  of  sod 
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11 
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11 

The  following  are  the  varieties  included  in  each  series  : — 1.  Adular  series- 
adularia,  valencianite,  paradoxite,  rhyacolite  ;  2.  The  Anuxzonite  series — aiuazo 
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itnne,  pegraatolite,  sanidin  in  part ;  8.  Perthite  series — pcrthite,  microlin,  and 
amdin  and  orihoclase  in  part ;  4.  Loxoclase  series — ^loxoclase,  orthoclase  in  part ; 
5i  AUfUe  series — (a)  albite,  pericline,  tetartin  ;  (b)  hyposclerite,  cleavalaudite, 
oligocUse  in  part ;  (c)  glassy  albite,  panteilarite  ;  6.  Oligoclase  series — (a)  oligo 
die,  peristerite ;  (b)  glassy  oligoclase ;  7.  Andesin  series — andesin,  etc.  ;  8. 
Latradarite  series — (a)  labrador,  saussurite ;  (b)  glassy  labradorite ;  9.  BytowniU 
ttries — bytownite  ;  10.  AnorthUe  series — anorthite. 

Endomnrphs  in  orthoclase,  etc.  :  quartz,  anatase,  mtile,  specular  iron,  magne- 
tite, pyrites,  calcite,  crichtouite  (ilmanlte),  diopside,  epidote,  pinite,  mica,  titanite, 
tnormaline,  chlorite,  stilbite,  samarskite  (uranotantal),  granite.  In  aanidin  : 
quartz,  crichtonite,  augite,  hornblende,  mica,  apatite.  In  albite:  quartz,  specular 
iron,  amianthus  and  asbestus,  mica,  chlorite.  In  peridine :  titanite,  chlorite, 
b  f^Araulor :  ilmsmite,  zircon,  chlorite.  In  oligoclase  :  s|)ecular  iron,  pyrrhosi- 
dehte  (gothite),  oligoclase.     In  anvrUUte :  chalcopyrite,  hornblende. 

Perimorpk*. — Minerals  enclosing  orthocUue,  etc. :  fluor-spar,  quartz,  pyrites, 
boniblende,  beryl,  idocrase,  axinite,  adular  in  adular,  tourmaline ;  enclosing 
tatidia :  hornblende ;  enclosing  altnte :  quartz,  dolomite,  garnet,  pistacite, 
tourmaline;  enclosing  oligoclase:  pistacite,  oligoclase;  enclosing  laJbrador: 
ai^ite. 

Xefheliite  (from  P€^i\.'t},  a  cloud,  because  the  mineral  is  rendered  dull  by 
inds)  is  an  alkaline  aluminous  silicate,  sodium  being  the  most  abundant  alkaline 
KctaL  It  crystallises  in  tables  and  also  in  prisms  of  the  hexagonal  system  :  the 
toifaces  of  the  prisms  being  rough.  Its  colours  are  white,  greyish- white,  grey, 
felliiwinh-grey,  translucent  to  opatjue.  Hardness  6*5  to  6  ;  specific  gravity  2*68 
t»  2*65.  Cleavage  imperfect,  parallel  to  base  and  faces  of  prisms.  Its  coiuposition 
Bay  b*  representetl  by  the  formula  M'g[Alj]4Si9034,  in  which  M'  represents  sodium 
thl  potas-siuin.  Most  of  the  analyses  give  the  pro])ortion  of  the.se  metals  as  four 
&t/.Dis  of  soiiium  to  one  of  potassium.  Some  specimens  contain  lime,  sometimes 
l)  the  extent  of  between  three  au<l  four  per  cent.  Most  specimens  also  contain 
\  little  water. 

Eleholite  is  a  massive  variety  of  nepheline,  remarkable  for  its  greasy  lustre,  from 
(Viuor,  oil.  The  colours  are  dark  green,  greenish,  and  bluish  or  reddish-grey,  with 
ipei^aliar  sheen. 

Xephfcline,  formerly  believed  to  have  a  very  limited  diffusion,  is  now  found  to  be 
B  6v«eQtial  and  frequent  ingredient  of  rocks,  especially  basalts  and  lavas.  Elaeolite 
occurs  only  in  the  older  rocks,  such  as  the  Norwegian  zircon-syenite,  nepheline  in 
the  newer.  They  stand  towards  each  other  somewhat  in  the  same  position  as 
vibxlaiie  does  to  sanidin. 

Leucite  (from  Xeiric6s,  white)  is  a  silicate  of  aluminium  and  potassium,  some- 
tsfc*  jiart  of  the  latter  being  replaced  by  sodium.  It  is  represented  by  the  ty^iical 
JijrEiilA  K,AljSi40ij.  It  occurs  in  the  form  of  the  ikosi-tetrahedron,  or  twenty- 
^■or-faceii  traj^ezolietlron,  and  always  ingrown  ;  also  in  crystalline  grains.  Tlie 
crystals  are  generally  yellowish  or  greyish,  white  or  ashy,  and  occasionally  white, 
nrely  translucent,  generally  opaque.  Hardness  5*5  to  6  ;  specific  gravity  2*4 
tb  2*5  ;  soluble  in  acids  without  gelatinising. 

Leucite  is  a  constituent  of  lavas  and  basic  volcanic  newer  rocks.  It  has  not 
J«t  been  noticed  in  the  older  rocks.  Leucite  occurs  associated  with  augite  and 
Ujnetite ;  scarcely  ever  with  hornblende.  Leucite  represents  potasli  felspars  in 
Fjcka,  and  is  sometimes  associated  with  sanidin,  while  nepheline  appears  to  repre- 
*Qt  the  lime  felspars,  but  has  never  been  observed  associated  with  them. 
5«lte;line  and  leucite  occur  very  frequently  together,  but  they  appear  never  to 
tcccr  singly  or  associated  with  quartz  like  the  true  felspars. 

NoBEAjr  is  a  remarkable  mineral,  occurring  crystallised  in  rhombic  dodecahe- 
4nM  and  other  forms  of  the  monometric  system,  and  containing  from  7  to  10 
Y9  omt  of  snlphuric  anhydride.     It  also  occurs  in  crystalline  grains.     It  is  of  an 
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ash-grey  or  yellowish-grey  colour.  It  has  a  hardoeas  of  5*5,  and  a  specific 
gravity  of  2'25  to  2*27.  Its  composition  may  be  represented  by  the  formula 
2NaCl,3Na,Ar^i,Og  +  5(2Na^04,6Na,Al'^^i,Os) ;  that  is  a  nnion  of  one  mole 
cole  of  sodalite  and  five  of  a  soda-hatiyne.  Nosean  is  a  constituent  of  the  nosean- 
phonolite  of  the  Lake  of  Laach  on  the  Rhine.  It  is  named  in  honour  of  a  mining 
engineer  named  Nose. 

Hautne  is  a  bright  blue  or  sometimes  asparagus-green  mineral,  found  in  lavas, 
generally  in  crystalline  grains,  but  sometimes  in  rhombic  dodecahedrons.  Its 
hardness  is  5  to  5*5,  and  its  density  2*43  to  2*83.  It  is  decolorised  when  heated, 
as  if  the  colour  was  due  to  a  sodic  combination  of  sulphur,  like  that  in  ultramanne. 
There  are  apparently  three  varieties — that  of  Monto  Albano,  that  of  Monte  Somma 
(Vesuvius),  and  that  of  Niedennendig,  near  the  Rhine.  The  first  may  be  repre- 
sented by  the  formula  3<,Na,Al^''Si,0g)  -I-  2  (Ca'S04) ;  the  second  by  2(Na^|Ar^0g) 
4~  CaS04  —  potassium  is  generally  present  also;  the  third,  or  Niedennendig,  variety 
is  considered  to  be  composed  of  two  molecules  of  the  first  or  Albano-haiiyne,  with 
one  of  nosean.  Haiiyne  is  an  essential  constituent  of  hatiyne-porphyry,  and  ocean 
in  several  other  rocks.     It  is  named  in  honour  of  the  celebrated  flaiiy. 

Nosean  and  liaiiyne  represent  in  a  certain  sense  for  the  newer  and  non-quartzose 
rocks  the  garnets  of  the  older  rocks.  They  are  also  isomorphous  with  the  garnets. 
lUneriUj  which  is  usually  included  among  the  zeolites,  appears  to  be  hydrated 
nosean,  at  all  events  a  mixture  of  hydrated  sodalite  and  haiiyne  like  that  mineral 
does  occur. 

Pseudmnorphs. — In  the  form  of  nepheline :  sodalite,  mesotype,  lithomarge.  In 
the  form  of  leucite:  felspar,  kaolin. 

Mica  is  a  term  applied  to  several  minerals  differing  considerably  in  chemical 
composition,  and  belonging  to  several  crystalline  series,  but  all  distinguished  by 
being  easily  cleavable  into  thin  laminae.  This  laminar  structure  is  hence  termed 
micaceous.  It  is  probable  that  all  micas  crystallise  in  the  rhombic  or  trimetrie 
system.  They  are  also  all  biaxial,  that  is,  have  two  optic  axes,  though  one  of  the 
commonest  distinctions  made  between  micas  is  the  classification  into  uniaxial  and 
biaxial  micas.  In  most  of  the  so-called  uniaxial  micas  the  angle'between  the  optie 
axes  is  so  small,  being  in  phlogobite  sometimes  less  than  5°,  and  rarely  reaching 
20**,  while  in  biotite  they  intersect  at  angles  of  from  1°  to  2° ;  and  the  plates  that 
can  be  examined  so  thin  that  the  existence  of  the  double  axes  can  rarely  be  ascer- 
tained. In  the  micas,  hitherto  always  recognised  as  biaxial,  on  the  other  hand,  tha 
angle  varies  from  45°  to  75^  Although  there  ore  really  no  uniaxial  micaa,  the  old 
distinction  is  of  practical  value,  because  the  high-angled  micas  rarely  ever  contain 
magnesia,  while  the  low-angled  ones  conUin  from  about  4  to  30  per  cent,  and,  except 
rarely,  above  20  per  cent. 

Chemically  we  may  divide  the  micas  into:  I.  Non-magnesian ;  and,  2.  Mag- 
nesian  micas.  The  non-magnesian  ones  are  generally  called  potash  micas.  Thk 
is,  however,  liable  to  lead  the  student  to  suppose  that  the  magnesian  micas  contaia 
no  potash.  All  micas  do,  however,  contain  potash,  though  in  general  the  magneaiaB 
ones  contein  somewhat  less  than  the  non-magnesian.  The  non-magnesian  micai 
may  be  conveniently  divided  into :  1.  Common  mica  or  muscovite,  not  oontaining 
lithia ;  and,  2.  Lithia  micas  or  lepidolite. 

MuscoviUy  common  or  biaxial  mica,  occurs  in  forms  which  look  very  likt 
monoclinic  prisms,  but  which  de  S^narmont  and  von  Kokscharow  consider  to  ba 
rhombic  or  trimetrie,  and  usually  hemihedral.  The  cleavage  is  basal, — eminent^ 
Twins  are  frequently  formed  parallel  to  the  faces  of  the  prism.  The  coloun  an 
white,  grey,  pale  green,  sometimes  dark  olive-green,  brown,  and  violet-yeUow. 
Muscovite  is  remarkable  for  the  size  of  the  folia  which  can  be  obtained.  It  also 
forms  aggregations  of  small  foliated  crystals,  arranged  into  stellar  and  plumoM 
groups.  In  thin  plates  it  is  always  transparent ;  in  tliick  plates  apparently  opaqnai 
Its  bardneaa  ia  from  2  to  8 ;  ite  specific  gravity  V^  to  ^1, 
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I Ttries  from  44*6  to  48  per  cent;  the  alamina  from  about  30  to  38*4 
Assium,  estimated  as  potash,  is  usually  about  10  per  cent.  Muscovite 
ins  water — some  specimens  containing  as  much  as  6  per  cent  The 
rater  facilitates  the  decomposition  of  the  mica,  the  alkalies  and  iron 
llj  removed ;  the  progress  of  the  decomposition  is  indicated  by  the 
iXj  and  transparency  of  the  plates.  The  non-magnesian  fuchsile  or 
belongs  to  this  type.  A  specimen  analysed  by  Schafhliutl  contained 
of  chromic  oxide,  liany  other  biaxial  micas  also  contain  traces  of 
"here  are  several  varieties  of  muscovite  differing  chiefly  in  colour,  that 
portion  of  iron,  etc,  which  they  contain,  and  also,  no  doubt,  in  the 
water.  Several  of  these  varieties  get  special  names,  and  are  looked 
JDct  minerals:  such  as  marffarodite,  ffilbertiU,  danumrUe,  sericiU, 
J  are  really  only  altered  mica. 
'  or  lithia  mica,  occurs  usually  in  granular  masses,  consisting  of 

1  It  also  occun  in  oblique  rhombic  and  six-sided  prisms.  In  hard- 
%,  and  often  in  colour,  it  agrees  with  muscovite.  When  free  from 
:aining  manganese,  it  is  of  a  beautiful  rich  to  pale  lilac  colour.  Small 

give  it  a  red  tinge.  Some  mineralogists  restrict  the  name  lepidolite 
ed  and  lilac  varieties.  Lithia  micas  contain  more  fluorine  than 
i:  the  amount  varies  from  2  to  8  per  cent.  A  specimen  of  the  mica 
a  in  the  Ural  gave  on  analysis  as  much  as  10  *22  per  cent.  The  true 
ithia  micas,  free  from  iron,  contain  from  49  to  about  52  per  cent  of 
57  to  about  28*5  of  alumina,  and  about  10  per  cent  of  potash.  The 
rom  a  little  over  1  per  cent  to  6  per  cent.  Many  lithia  micas  contain 
[•erhaps  rubidium  and  capsinm,  but  not  magnesium,  or  only  traces, 
sometimes  replaces  common  mica  in  granite  ;  when  not  containing 
nd  comparatively  free  from  iron,  they  can  scarcely  be  distinguished 
k  mica. 

nwian  micas  may  also  be  conventionally  divided  into  two  species, 
!  is  really  no  al»olute  line  of  demarcation  between  them — namely, 
id  biotite. 

y  occurs  in  rhombic  prisms,  which  are  sometimes  truncated  on  two 
xt  protluce  hexagonal  prisms.  The  colour  is  sometimes  white,  or  of 
'^  of  bro^^Ti,  but  usually  it  is  of  a  ferruginous  coppery-red  or  yellow. 

ma^le  give  the  variation  of  the  silica  from  37*5  to  42  "6  per  cent,  of 
from  about  17  to  20,  and  of  the  magnesia  from  26  to  30*3  per  cent, 
of  iron  is  generally  small,  and  is  probably  alw^ays  present  as  ferro- 
[jotash  varies  from  6  to  10*5  per  cent,  part  of  it  being  replaced  by 
kind  of  mica  is  very  subject  to  alteration  from  hydration.    The  altera- 

indicated  by  spots  on  the  folite,  due,  perhaps,  to  oxidation  of  the 
e  decomposition  of  the  sides  of  the  prism.     Phlogobite  is  sometimes 
ith  apatite,  and  almost  always  contains  some  phosphoric  acid.     It  is 
•nular  limestones  and  other  recent  rocks. 
tccurs  in  hexagonal  prisms,  produced  by  the  truncation  of  the  diagonal 

rhombic  prism.     The  prisms  are  usually  tabular,  and  cleave  with 

facility  parallel   to   the   base.     It   also   occurs   in  foliated   masses. 
atains  little  iron  it  is  white,  but  usually  it  is  green,  brown,  or  almost 

2  to  the  quantity  of  iron.  The  silica  varies  from  about  39*5  to  47*6, 
lly  alwnt  40  to  42  per  cent.  The  alumina  varies  from  9  to  19  or  20 
Tije  iron  appears  to  exist  in  great  part  as  ferricum,  and  varies  from 
37  per  cent,  the  magnesia  from  26  to  a  little  more  than  8  per  cent, 
Hallwl  Upidojnelan  or  black  mica  found  in  some  granites  ;  it  is,  how- 
ly  alxjve  20  per  cent,  a  small  percentage  of  magnesia  being  always 
^^l  by  a  high  percentage  of  iron.  The  potash  varies  from  4*6  to  10*8, 
?  generally  some  soda  where  the  percentage  is  low.     The  magneaian 
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varieties  of  fuchsite  or  chrome  mica,  of  a  beautiful  green  colour,  and  contaiii 
nearly  6  per  cent  of  chrome,  belong  to  this  species. 

The  composition  of  the  micas  cannot  as  yet  be  represented  truly  by  formo 
The  magnesian  micas  appear  to  be  ortho-silicates  in  which  the  silica  is 
condensed.      They   may   be   approximately  expressed   by   a  general   formi 
(M'4Si04)»i(M'^i04)n([Al'"Fe'T4Si,Oi,)/»,  in  which  the  coefficient  m  expresses 
number  of  molecules  of  alkaline  ortho-silicates,  n  that  of  the  magnesian  t 
ferrous  silicates,  and  p  that  of  the  silicates  of  aluminium  and  ferricum.     1 
non-magnesian  micas  may,  according  to  Rammelsberg,  be  approximately  expres. 
by  M'4Si,Og.n([Ar2Fe'*sliSi30i,).     The  silicate  of  alumina  and  iron,  fonuing 
second  i)art  of  this  formula,  is  an  ortho-silicate  like  that  in  the  magnesian  mic 
but  the  silicate  of  the  alkalies,  represented  by  M',  is  an  anhydro-silicate  represe 
ing  tlie  condensed  acid  £[481300. 

Perinwrpfis  of  mica :  fluor-spar,  quartz,  corundum ;  chrysoberyl ;  pyrifc 
calcite,  chalybite,  augite,  hornblende,  actinolite,  spodumene,  beryl,  garnet^  zirc 
idocrase,  wernerite,  meionite,  sodalite,  haiiyne,  nepheline,  lepidolite,  mica,  felsf 
sanidin,  albite,  andalusite,  topaz,  ilmenite,  apatite. 

Endomorpha  in  mica  :  quartz,  rutile,  limonite,  augite,  garnet,  tounnali 
astrophyllite,  apatite.  Brewster  found  in  a  thick  plate  of  mica  from  Siberia  ' 
remains  of  small  animals  (acarus),  from  0*30  to  0*15  of  millimetre  long.  So 
were  enclosed  in  cavities,  around  which  the  mica  appeared  to  be  optically  cc 
plete.     The  animals  must  have  got  in  through  fissures,  which  afterwards  closed 

Pseudomorpfia. — In  the  form  of  mica  :  quartz,  steatite.  Mica  in  the  fonn  • 
augite,  hornblende,  beryl,  idocrase,  scapolite  (wernerite),  epidote,  dichrc 
(pinit,  fahlunite,  esmarckite,  bonsdorfite,  chlorophyllite,  weissite,  praseol: 
pyrargillite,  gigantolite),  orthoclase,  albite,  labradorite,  elseolite,  audalusi 
kyanite,  tourmaline. 

Crysolite  or  Peridote  is  an  ortho-silicate  of  magnesium  Mg*^i04,  in  wh 
more  or  less  of  the  magnesium  is  displaced  by  iron,  so  that  its  formula  is  alwj 
a  multiple  of  that  just  given.  It  crystallises  in  trimetric  prisms  of  a  yellowi;«h 
olive  green  ;  it  also  occurs  in  granular  masses  or  imbedded  grains.  The  tra 
parent  crystals  are  distinguished  as  chrysolite ;  the  imbedded  masses  and  gra 
are  olivine^  from  their  olive  colour.  There  are  several  varieties  of  this  minei 
among  which  may  be  mentioned  the  aluminous  variety,  hyalosideriU.  Olivine 
a  characteristic  mineral  of  basalt,  and  the  recent  researches  of  Tschermak  on  1 
por})hyritic  rocks  of  Austria  show  that  it  is  one  of  the  most  important  constitu< 
minerals  of  other  crystalline  rocks  also. 

Garnets  are  also  ortho-silicates,  and  may  be  represented  by  the  gene 
formula  M'jAl^SijOi,,  or  othen^'ise  (M''0)jAl,03(SiO,)o,  or  rather  the  double 
it  M''jAr4Si(j024,  or  (MO),(Al,03)j(SiO,)(„  in  which  M  represents  calcium,  m 
nesium,  iron,  or  manganese.  Garnets  almost  invariably  contain  more  than  t 
bases,  so  that  the  four  isomorphic  metals  may  be  associated  in  twelve  different  ws 
When  lime  predominates,  it  is  yroisxilar,  if  greenish  ;  cinnamon  stonCf  if  yellowi 
brown  ;  topazolitej  etc.,  if  of  the  colour  of  topaz.  When  magnesium  predomina 
it  forms  the  mayntsia  gamH ;  when  iron  predominates  it  is  the  iron  garnet 
almandine,  to  which  the  connrum  and  noble  garnet  belong.  The  manganese  gar 
is  known  as  spessartine.  The  iron-lime  garnet  is  melanite  when  of  a  velvet-bh 
colour.  It  is  called  colophonite  when  it  consists  of  a  granular  mass  of  small  cryst 
having  a  resinous  lustre  and  a  brown  colour.  It  is  the  aplome  when  of  a  brown 
orange-brown  colour,  and  having  the  faces  striated. 

Garnet  crystallises  in  the  monometric  or  regular  system,  and  principally  in 
form  of  the  rhombic  dodecahedron,  or  modifications  of  it.     Besides  occurring  as 
accidental  ingredient  of  many  crystallised  and  altered  rocks,  it  also  forms  one 
the  constituent  minerals  of  the  rocks  eklogite,  garnet  rock,  the  Swedish  ro 
eulysite,  and  kinzigite. 
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— Ganiet  has  Item  found  in  qnciti,  martile,  dyslnite,  galena, 
Icite,  angito,  actinolite,  beiyl,  gj/muk,  idocrase,  mica,  sodalite, 
0,  staaroUto,  tonrmalinai  Qamet  has  been  found  aa  ^perimorph 
minerala : — ^flnor^par ;  qnartz,  rntile,  ntegnetite,  oxide  of  iron ; 
ite  of  iron ;  cakite ;  diopside^  hornblende,  garnet,  idocrase, 
bite,  disthene,  titanite,  Torhanacrite  (aerpentine). 
s. — Garnet  in  the  form  of:  angite^  serpentine,  talc^  chlorite;  and 
nn  of  gametk 

[  ortho^ieate  of  Srooninm,  Zr.8K04  or  Zr.OgSiOf,  which  aystal- 
mbinationa  of  the  octahedron  and  priim  of  tiie  dimetric  or  tetiu- 
rhe  crystala  are  generally  coloured  red,  yellow,  or  brown,  but  are  . 
colonrleas.  The  colour  ia  due  to  ferric  oxide.  Ita  hardneia  is 
ag  7  to  8,  and  ita  doiaity  from  4*4  to  4'7.  It  is  an  esaential  con- 
ncon-6yenite  of  Norway,  and  occurs  occasionally  in  a  large  number 
ka  of  all  ages. 

Ills  mineral  is  closely  related  to  garnet,  by  the  alteration  of  which 
[voduoed.  It  appears  to  contain  generally,  if  not  always,  some 
may  be  represented  by  the  fonnula  B^MJiVr^lfiifi^  Lime- 
dily  converted  into  it  1^  the  oxidation  of  the  iron,  the  aepaiation 
( carbonate,  and  the  addition  of  water — ^thus,  three  molecules  of  a 
e  composition  Ca^'^e'^'^fiifi^  or 

At + 0, + 2H,0 + 200, = 2[H,Ca'',Fe''Fe'%(Alt),9i,Ogr] + CaCO,. 

1  explains  the  facility  with  which  common  garnet  passes  into  epi- 
hy  lime  garnets  free  from  iron  do  not  produce  epidote  by  their  de- 
iii  the  garnet  family,  so  in  this,  M"  repreRents  calcium,  magnesium, 
and  manganese  ;  there  are  consequently  a  number  of  varieties  of 
ig  as  one  or  the  other  of  these  metals  predominates.  The  lime 
the  mineral  called  zoMe,  It  may  be  represented  by  the  formula 
3y,  which  differs  from  common  epidote  by  the  Fe*",  of  tiie  latter  being 
A  ,  in  zuisite.  The  latter  sometimes  contains  epidote,  and  must 
etiiiies  formed  at  the  same  time  ;  but  the  conditions  for  its  forma- 
Terent  Indeed,  the  two  minerals  appear  to  belong  to  different 
:he  cleavage  and  some  other  physical  properties  of  zoisite  differ 
pitlote.  Possibly  thulite  is  the  true  lime  epidote.  The  lime  and 
ul'tU  proper,  also  called  pisiaeUe. 

tallises  chiefly  in  prisms  of  the  monocllnic  system.  Its  hardness 
A  sj».  gr.  from  3*2  to  3*5.  It  is  almost  always  coloured,  especially 
low,  oil  green,  to  blackish-green  ;  very  rarely  red. 
I.1  the  chief  part  of  a  very  uncommon  rock,  epidosite ;  it  is  also  a 
med  mineral  in  older  crystalline  rocks.  Meionite,  which  crystal- 
ietric  or  tetragonal  syvtem,  may  be  represented  by  the  formula 
,  which  represents  anhydnms  lime  epidote,  of  which  it  may  be  a 

»r  Werkerite  is  essentially  a  sUicate  of  aluminium  and  calcium, 
ihject  to  change,  and  contains  generally  potassium,  sodium,  mag- 
iter.  It  crystallises  in  prismatic  forms  of  the  dimetric  system, 
liffer  from  those  of  meionite.  Indeed,  those  specimens  which  have 
of  that  mineral  are  regarded  by  many  mineralogists  as  the  original 
lime  varies  from  about  20  to  about  3  per  cent,  the  siUca  from 
50  per  cent— the  high  lime  and  low  silica  limits  representing 
eionite  type,  of  which  it  may  perhaps  be  merely  an  altered  form, 
chiefly  grey,  a  light  yellowish  or  green,  more  rarely  red,  generally 
arcely  translucent  on  the  edges.    It  Jim  raj  much  the  appearance 

o 
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of  a  felspar.*    Scapolite  occurs  as  an  occasional  mineral  or  granite  and  grani 
limestone,  and  forms  almost  wholly  scapolite  rock. 

CoRDiERiTE,  DiCHBOiTE,  or  loLiTE,  is  a  silicate  of  alumininm  and  magnesii 
which  may  be  represented  by  the  typical  formula  Mg^jAlJ^igOu  i  P^^  of 
magnesium  is,  however,  sometimes  replaced  by  iron  (ferrosum  Fe ),  and  part 
the  aluminium,  perhaps  always,  by  iron  Fe**,  (ferricum).  It  occurs  in  thick  prij 
of  the  trimetric  or  rliombic  system,  which  are  often  hezagonaL  Its  colours  i 
various  shades  of  blue,  sometimes  smoky  blue ;  when  of  the  latter  colour  it 
called  peliom.  It  is  often  of  a  deep  blue  colour  along  the  principal  axis,  and 
a  brownish-yellow  or  yellowish-grey  along  the  secondary  axes,  that  is  perpei 
cular  to  the  principal  axis.  It  derives  its  name,  dichroite,  from  this  circumstai 
The  crystals  are  either  transparent  or  translucent,  have  a  specific  gravity  of  2*6 
2*7,  and  a  hardness  fh>m  7  to  7*5.  Cordierite  occurs  very  frequently  in  gne 
granite,  and  talcose  slate,  and  is  an  essential  constituent  of  cordierite  gneiss, 
does  not  occur  in  the  newer  rocks, — it  is,  as  Quenstadt  says,  as  characterif 
of  the  old  rocks  as  olivine  is  of  the  newer  ones. 

Cordierite  lb  acted  upon  with  such  great  facility  by  water  holding  carbonic  s 
and  alkaline  and  other  salts  in  solution,  that  cordierite  is  almost  always  found 
an  altered  state.  The  alterations  consist  either  of  simple  hydration,  the  removal 
the  divalent  metals  by  water  and  carbonic  acid,  or  the  addition  of  iron,  alkal 
etc.,  introduced  into  them  by  water.  Among  the  hydrous  cordierites  may  be  m 
tioned  honadorJUe,  which  cccurs  in  Finland  granite,  and  is  perhaps  trihydrated  < 
dierite ;  the  monhydrated  American  chlorophyUiU,  esfnarckiU^  and  pnueo 
from  the  gneiss  of  Brakke  near  Brevig  in  Norway,  which  is  sesquihydrated.  Tb 
are  many  other  of  those  hydrated  serpentine-like  altered  dichroites,  which  di 
more  or  less  from  the  unaltered  mineral  in  composition,  such  as  the  gigantolit 
the  granite  of  Tammela  in  Finland,  the  txspasiolite  of  the  hornblende  gneist 
Kraggeroe  in  Norway,  the  pyrarffUite  of  Helsingfors,  the/ahluniie  of  the  talc-sI 
of  Fahlun  in  Sweden,  the  iberite  from  Moutoval  near  Toledo  in  Spain,  the  oa 
of  the  porphyries  of  Geroldsau  near  Baden-Baden.  One  of  the  most  widely-diffn 
minerals  occurring  in  granites  is  pinite,  from  which  the  whole  of  these  mine] 
are  sometimes  termed  the  pinatoid  group.  The  composition  of  this  mineral  va 
very  considerably ;  besides  containing  water,  it  always  contains  potash,  vary 
from  about  6  to  12  per  cent.  The  variation  in  the  quantity  of  alkali  and  of  wi 
— the  latter  varies  from  a  little  over  1  per  cent  to  8  per  cent — shows  that  pi\ 
includes  cordierites  in  various  stages  of  alteration.  All  the  pinatoid  mine 
are  either  accompanied  by  unaltered  dichroite,  or  contain  frequently  a  nucleu 
that  mineral. 

TouRM ALIKE  or  Schorl,  like  garnet,  epidote,  etc.,  includes  a  numbei 
varieties  differing  more  or  less  in  chemical  composition,  but  crystallographio 
and  physically  well  defined.  They  u-sually  occur  in  long  or  short  prisms  of 
hexagonal  system,  generally  striated  along  their  length,  and  terminated  by  sii 
or  double  rhombohedral  ends.  Sometimes  the  crystals  are  thus  terminated  at  c 
one  end,  they  are  then  said  to  be  hemimorphic.  Most  hemimorphic  crystals  exh 
polar  electricity  when  heated  and  cooled.  Tourmalines  are  very  complex  in  ( 
mical  composition.  They  are  essentially  silicates  of  aluminium  and  magnesiui 
the  aluminium  being  represented  in  part  by  boron,  the  magnesium  by  iron  Fe*  ( 
rosum)  or  manganese  Mn".  All  tourmalines  contain  potassium  and  sodium, : 
some  lithium  also  ;  they  also  contain  fluorine,  replacing  part  of  the  oxygen.  ' 
constant  presence  of  alkalies  seems  to  indicate  that  the  tourmalines  consist  of 

*  Scheerer  first  suggested  that  it  was  dimorphic  with  lime  felspar,  an  opinion  admi 
by  many.    It  should,  however,  be  always  recollected  that  dimorphism  implies  either 
the  bodies  are  isomeric,  but  having  differently-constitated  molecules,  or  condensed, 
therefore  totally  different  molecules. 
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d  »ilicat««,  one  of  which  may  be  azialogons  to,  if  not  identical  with.  i-otAsh- 
&n<l  in  the  lithian  tourmalines  with  lepidolite.  RammeUbei;^  diviiles  ihe 
udioes  into :  1.  M^^enia  tonniialines, — yellow  and  hronkn  cciloured,  an*i  frre 
lithium  ;  2.  Magnesia-iron  tourmalines, — black  by  reflected  light,  but  gTeeni>h 
ovuibh  bytrawimitted  light,  and  not  containing  lithium ;  3.  Iron  tourmalitet:, 
kW,  not  containing  lithium;  4.  Iron-manganese  tourmalines, ^-dark  violet, 
,  green,  and  containing  lithium ;  5.  Manganese  tourmalines, — rted,  and  colour- 
,  ft&d  containing  lithium.  The  iron  or  black  tourmalines  are  sometimes  called 
)W ;  the  red  or  manganese  tourmalines  include  the  \-arieties  ruMliU^  siUriU, 
«n{^,  and  apjfriU  ;  the  white  are  sometimes  called  achfAte, 
b  Ihe  present  state  of  our  knowledge  tourmalines  cannot  be  represented  by  a 
remla.  The  student  will  find  in  Dana's  iiinenilugy  and  Rammelsberg's  Mimmf 
k»»«  th«  tabulated  results  of  the  analyses  of  the  different  varieties,  for  which  we 

*  wMily  in<ltUed  to  Rammelt»l«rg.  Black  opaque  tourmaline  or  schorl  forrn^, 
rith  qoartz,  tb«  rock  known  as  Tourmalin-rock.  It  is  also  present  as  an  ooca- 
lOMl  miteral  in  granite,  gneiss,  mica-,  talc-,  and  chlorite-slates,  homblende-rock, 
pBolar  limestone,  etc.  It  does  not  occur  in  the  newer  cr}'<talline  rocks. 
^H^'C^Msian  Hydrous  Bilioatea. — Talc  is  a  hydrated  silicate  of  magnesium, 
JVAwblT  a  meta^iiicate  of  the  composition  H,Mg%Si«0i9,  representing  the  acid 
2^tV  It  rarely  occurs  in  distinct  cr^'stals  which  are  rectangular  or  hexagonal 
J**^  "cales,  or  tables  having  eminent  l)asal  cleavage,  and  belonging  either  to 
at  teunrtrif  or  monoclinic  systems.  Foliated  talc  is  of  this  kind.  It  also  occurs 
n  eht-ohr  or  rtellated  groups.  Its  most  usual  mode  of  occurrence  is  granular, 
^'^t i'"'  imp^alpable.  In  thin  plates  it  is  8u>>-tran««parent  to  sub-trau8lu«.ent ; 
B  i*  aii^hlr  wtile.  The  thin  lamina?  are  flexible,  but  not  ela-stic.  The  colours 
■*~*Jiitr  or  silverj'-white,  grejish,  greeninh-grey,  apple  to  leek  and  oil-giton. 
vbiht  df-ivaje  fa«:es  the  lustre  is  pearly.  It  has  a  greasy  feel.  It  foniis  talc-slate, 
w  i*  siiil  to  rjccur  sometimes  in  granite  in  place  of  mica.  Talc  is  a  frequent 
^JU'-t  of  the  ilecom[)fj8ition  of  hornblende  and  augite.  The  change  is  very 
^\'-K  ka  ihfv  are  all  ineta-silicates.  Some  talcs  contain  alumina,  j^enerally,  no 
fciM.  rt-pre«rDting  kaolin,  and  derived  frr»in  the  decomposition  of  the  felspvirs  in 
HJiiiri-ni*  au^ites  an«l  hornblendes.  In  the  pur©  talcs  the  silica  varies  from  it\} 
**^Irrc<rnt,  being  most  fre«|ueutly  from  61  to  62  per  cent ;  the  magnesia  from 

'  *'  -jS  jicr  cent.     The  water  is  very  variable,  from  mere  traces  to  nearly  7 

■^f^ifiU  or  soapstcne  is  a  coarse  greyish-white,  greyish -green,  or  yellowish 
^•"•7  ^'f  inijmre  talc.  It  is  sometimes  granular,  of  fine  texture,  t>r  Limellar,  but 
aLv 'onifiait.     It  is  very  greasy  to  the  feeL     Tlie  steatite  of  Brian<;on,  known 

'*Fr»-aelj  chalk,"  is  white.  Pot^tone  or  lapis  olUiris  includes  the  impurcr 
*cUr  il.irk-coloure*!  varieties.  The  compact  hanl  slaty  talcs  are  calbd 
'fi*i'w7  tiiic.  Some  indunite<l  talc-slate  is  yellowish  and  translucent  in  thin 
k*«^  }f>vr.Kchaum  is  a  hydrated  silicate  (»f  magnesium  c»f  a  different  composition, 
I'MjITerent  origin  from  talc.    There  apiK?ar  to  be  two  hydrates,  Mg'SisOg.H^O 

*  ^/-SijOi^SHjO,  included  under  this  name.  Meerschaum  api>ears  to  be  coii- 
■M  *ilb  the  decompr^sitiou  of  dolomites. 

^'^dijinorphi. — Talc  occurs  in  the  forms  of  the  following  minerals  : — augito, 
'tJ.lefle,  giinjet,  andalusite,  cordierite,  tourmaline.  Steatite  <»ccurs  in  the  fol- 
■"^  f'.-nns  :— fluor-sjtar,  ({uartz,  spinel,  barytes,  cahite,  dolomite,  augite, 
^vittlfr,  I'rywdite,  garnet,  idocrase,  scajxOite  (wenierite),  conlierite,  mica, 
*'.*',  ui'laliisite,  kyanite,  tourmaline,  phillii>site,  chabazite,  niesotyp. 

'^OiitNTiSE  Is  also  a  hydrated  silicate  of  magnesium.  Its  typical  formula 
•^^  Xf'  W  M/3,Si,07,2HJO,  corresponding  to  the  first  para-silicic  acid  HgSijO-. 
*^  *^''uiK*ition.  accortliug  to  this  formula,  would  I*  44*1  i  of  silica,  42-97  of 
^^^\  and  12*89  of  water.  It  fonns  a  compact,  generally  impure,  green- 
•' "^r^J  mass,  from  granular  to  \mjmlpahle ;  it  also  occwm  /ibrous  and  foUaieil. 
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Its  sp.  gr.  is  from  2*507  to  2*591.  Some  of  tbe  fibroiu  varieties  have  a  d^isity 
of  only  2*2  to  2*3.  The  hardness  varies  from  8  to  4,  but  sometimes,  though 
rarely,  it  reaches  5.  Serpentine  exhibits  a  gnat  variety  of  colours  ;  the  pre* 
dominant  ones  are  shades  of  dark  green,  which  pass  on  the  one  side  into  almost 
black,  and  on  the  other  to  lighter  colours,  through  olive-green,  leek-green,  oil-green, 
pistachio-green,  to  siskin-green.  Yellow,  brown,  red,  to  blood-red  colours  also 
occur.  These  colours  generally  occur  as  clouds,  veins,  spots,  which  run  into  one 
another,  and  produce  considerable  play  of  colours.  Delesse  has  shown  that  these 
shades  of  colour  depend  upon  the  quantity  of  iron,  its  degree  of  oxidation,  and 
state  of  combination.  He  also  observed  that  in  many  cases  the  green  or  black 
coloured  parts  formed  veins  and  bands  in  a  regular  manner  in  the  brown-coloured 
parts,  liie  darker  parts  are  due  to  the  action  of  water  containing  oxygen,  whidi 
penetrated  along  fine  fissures,  often  no  longer  visible,  or  portions  of  the  rock  which 
were  mora  porous  than  other  parts.  Several  varieties  of  serpentine  are  distin* 
guished  by  special  names,  such  as  common  and  ntMe  serpentine  ;  the  fibrous  or 
asbestiform  serpentine — picroliU,  balHmorUe,  chryaotile,  metaxUe;  the  foliated  kind 
called  marmolUe  ;  and  the  resinous  or  reiinalite.  The  fibrous  varieties  are  of  very 
great  importance  in  connection  with  the  genesis  and  metamorphism  of  serpentine 
and  several  other  rocks.  All  the  fibrous  varieties  have  the  same  composition,  and 
aro  apparently  but  regenerations  of  the  serpentine  in  fissures  and  cracks.  Kaa* 
mann  has  remarked  that  serpentine  is  intersected  with  a  net* work  of  fibres,  just 
as  compact  gypsum  is  by  fibrous  gypsum. 

Eruhmorphs. — Serpentine  is  remarkable  for  the  number  of  minerals  which  occur 
in  it.  Among  them  may  be  mentioned  quartz,  chalcedony,  jasper,  chrysoprase, 
semi-opal,  specular  iron,  magnetite,  pyrites,  mispickel,  cbronmte  of  iron,  hornblende, 
bronzite,  diallage,  garnet,  pyrope,  chlorite,  calcite,  dolomite,  the  compact  snow* 
white  dolomite  called  gurhofian,  magnestte,  brucite,  and  the  fibrous  variety  of 
that  mineral  called  nemalite,  the  hydrous  alumiuate  of  magnesium  hydrotalcite, 
and  the  corresponding  one  containing  ferric  oxide,  replacing  part  of  the  alumiot 
called  volknerite,  the  hydrous  silicate  of  magnesium,  kerolite,  and  the  ferra* 
ginous  variety  of  it,  demiatin,  etc. 

Pseudomorphs. — Serpentine  is  found  in  forms  of  the  following  minerals:— 
Brucite  (hydrate  of  magnesium),  spinel,  dolomite,  penkatite,  Ca''C03,Mg''(Ho){, 
augite,  hornblende,  chr}'solite,  iron  garnet 

Chlorite. — This  tenn  is  applied  to  several  minerals  of  analogous  composition, 
and  very  similar  in  appearance,  but  peihaps  not  really  belonging  to  the  same  series. 
The  variety  called  pennine,  from  Zermatt  in  the  Valais,  is  said  to  crystallise  in  the 
hexagonal  system,  usually  in  six-sided  tables,  with  straight  or  bevelled  edges. 
Chlorite,  from  the  well-known  mine  of  Ackmatowsk,  in  the  Southern  Ural,  on  the 
other  hand,  is  monoclinic.    Chlorite  occurs  generally  in  platy,  scaly,  or  fine  earthy 
aggregates.    The  laniinfle  of  chlorite  are  flexible,  but  not  elastic    The  hardness  is 
2  to  2*5;  the  density  from  2*65  to  2*85.      It  is  usually  of  a  leek,  olive,  and 
blackish  green.     The  crystals  are  of  a  dull  emerald  green  in  the  direction  of  the 
axis;  of  a  yellowish  or  hyacinth  red  at  right  angles  to  it:  it  is  sometimes  8ilTe^ 
white.    Chlorite  appears  to  be  a  combination  of  the  silicate  which  exists  in  serpen* 
tine  with  aluminate  of  magnesium  Mg''Al*,04.Mg'',Sif07,2H,0;  but  part  of  the 
magnesium  is  almost  invariably  replaced  by  ferrous  oxide.    The  silica  varies  froiA 
about  30  to  34  per  cent,  the  alumina  from  10  to  20  per  cent,  the  magnesia  from 
82  to  37  per  cent,  the  iron  calculated  as  ferrous  oxide  from  0  to  11  per  cent,  and 
the  water  appears  to  be  pretty  constant  between  12  and  13  per  cent 

DeUssUe  is  a  femiginou.s  chlorite,  occurring  in  many  amygdaloids.  It  appeal^ 
to  difier  somewhat  in  composition  fh)m  chlorite  proper.  RipidoliU  is  a  mineral 
very  like  chlorite  in  appearance  and  chemical  composition,  and  like  the  Uri^ 
variety  monoclinic,  as  Descloizeaux  has  shown.  It  is  very  difiicult  to  express  tb^ 
results  of  the  analyses  of  it  by  a  formula.     The  following  has  been  proposed:^ 
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43r5i0^dHaO — If,  rBfpmenting  ferroiu  oxide  and  magnesia  in  pro- 
>f  1 :  S,  1 :  1,  etc     Ripidolite  is  a  constitaent  of  rocks  in  Ireland  and 

wrptu, — CUorite  bas  been  found  enclosed  in  fluorspar,  quartz,  rutile, 
s,  <»lcite,  beyil,  helyin,  azinite,  praseolite  (altered  cordierite),  adolar,  albite, 

labradorite,  titanite,  tonnnaline,  chabazite.  /2tj>u2o2i^  in  idocrase.   EncUh 

-Chlorite  bas  been  observed  enclosing  rutile  and  tourmaline,  and  pennin 

le. 

itimorpKt. — Chlorite  bas  been  found  in  forms  of  quartz,  magnetite,  hema- 

•nite,  calcite,  hornblende,  garnet,  felspar. 

-M asneaian  Hydroua  Bilioates.— Zeolite*. — The  term  non-magne- 

not  imply  a  total  absence  of  that  metal,  but  is  a  convenient  term  to  dis- 
a  numerous  class  of  hydrated  double  silicates  in  which  magnesium  is  either 
Vjsent  or  is  present  in  small  quantities.  Among  these  the  most  important 
he  group  of  hydrous  aluminous  silicates,  containing  lime,  or  baiyta,  or 
iAh,  or  soda,  and  called  zeolites  from  ^iw  I  boil,  and  \l$os  a  stone,  in 
:  to  thdr  property  of  boiling  up  from  the  escape  of  water  when  heated  by 
-pipe.  They  are  very  closely  related  to  the  felspars.  Several  of  them  may, 
le  regarded  as  hydrated  felspars.  If  we  classify  them  in  the  order  of  the 
of  atoms  of  silicon  condensed  in  each,  the  principal  zeolites  may  be 

as  follows : — 

,. — Na'jAT^SijOio.  2H,0    Natrolite  or  soda  mesotype. 
Ca^Al^^ijOjo,  3H,0     Scolecite  proper. 

KAtn>Uttk  Soolfdte. 

a,  [Na^r^ijOio,  2H.0],  +  [Ca'-Al'-^i^Oio,  3H,0]7  )  ^Mesolite  • 
I  ft,  Xa  ^I'^ijOio,  2H,0  +  [Ca'Al'^ijOio,  8H,0i      j      ^esonie. 

Ca'Al*^i,Oi<>,  4H,0     Levyne. 

Ca"^"'^i30uH,0         Prehnite. 
4.— Na  jAr^i40i^  2H,0     Analcime. 

Ca''Ar^i40i^  3H,0      Caporcianite. 

Ca'Ar^i40i^  4H,0      Laumontite. 

[Ca'Na,Kj'Al^i40,^  6H,0  Chabazite. 

[Xa,Ca''K,J'^ljSi40i^  6H,0  Gmelinite  or  soda  chabazite. 

[Ca'Ar,Si40i^  5H,0P  +  K,'Al'',Si040i^  5H,0  =  Lime-harmotome. 

[Ca";  Na'J,''Al''4Si40ie,  5H,0  Thomsonite. 
5. — Ba*Al^i50i4,  5H,0  Baryta-harmotomct 
J.— Ca'Ar^i^Oi,,  6H,0   Heulandite,  etc. 

[Ba":  BrTAl^'^i^Oie,  SHjO  Brewsterite. 

[(!a^  NajfAl^jSi^Oie,  5H,0  Epistilbite. 

Ca'Ar^i^Oie,  6H,0  StUbite  or  Desmine. 

whole  of  the  minerals  included  under  the  designation  zeolites  appear  to  be 
le  to  a  very  few  simple  typical  formulse.  If  we  represent  the  divalent 
barium,  calcium,  magnesium,  ferrosum,  by  M",  and  the  monivalent  metals, 
im  and  sodium,  by  M*,  and  exclude  baryta-harmotome,  which  probably 
reduced  to  the  same  typical  formula  as  lime-harmotome,  all  the  preceding 

•  probable  that  the  8iO,  is  too  high,  and  that  the  tree  formula  is  Ba''Alj,"'8t40ii 

l«pr«iient8  several  varieties  of  scolecite*  among  which  may  be  mentioned  antriww- 
adodea,  among  other  soolecites  or  mesolites,  harringtoniU. 
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zeolites,  and  indeed  nearly  all  zeolites,  may  be  represented,  exclusive  of 
water  of  crystallisation,  by  the  following  formulce  : — 

I.  [M^ ;  BfTTAl^jSi^Oio      Mesotype  group — natrolite,  sooledte,  mesolite 
n.  [M  ;  M' J,Al''^i,Oii      Prehnite  group. 

III.  [M';M'J'Al*^i40i,  JChabarite  group-chabazit^  gmelinit^  anal. 
L      »     u       r"4  M  ^      caporcianite,  laumontite,  lime-harmotome, « 

IV.  [M* ;  'M!J['t^''A^UPit     Thomsonite  group — thomsonite,  comptonite,  e 

V.  [M' ;  M'.rAl^i-Oi.     -f  StilWte  group-heulandite,  brewsterite,  episti 
i,i»  ,i»,jxvi^i«v/ic     -j^     stdbite  ordesmin,  etc. 

Prehnite  differs  from  scolecite  and  other  calcareous  members  of  the  i 
type  series  by  containing  2HjO  less  and  CaO  more.  It  is  worthy  of  note 
prehnite  is  almost  always  associated  with  calcite,  so  that  it  is  formed  in  the 
sence  of  an  excess  of  lime.  The  relation  of  the  zeolites  to  the  felspars  is 
interesting ;  thus,  thomsonite  may  be  looked  upon  as  hydrated  anorthit 
which  one  atom  of  lime  is  replaced  by  two  of  sodium.  Now  thomsonite  is  al 
formed  from  labradorite,  which  is  a  mixture  of  anorthite  and  albite.  Labrad 
consists  of— Na4Ca«Al"'ijSi^08o=2Na,Arj|Si«Oi,  +  8Ca'',Al*'4Si40ie,  or  two  i 
cules  of  albite  and  three  of  anorthite.  The  anorthite  produces  thomsoniU 
exchanging  some  lime  for  an  equivalent  quantity  of  soda  and  taking  up  w^ 
while  the  albite,  by  the  loss  of  two  of  silica  and  the  gain  of  two  of  water,  v 
produce  analcime.  The  lime  exchanged  for  soda  might  convert  analcime 
laumontite, — these  being  the  minerals  generally  associated  with  thomsonite. 
labradorite  might  produce  natrolite,  scolecite,  or  the  compound  of  both — mes< 

The  six  atoms  of  silicon  contained  in  the  molecules  of  albite  and  ortho 
appear  to  divide  into  two  groups  of  four  atoms  and  two  atoms,  with  much  gr 
facility  than  into  two  groups  of  three  each.  Indeed,  it  is  probable  the  latter  de 
position  only  takes  place  in  the  mixed  felspars  containing  anorthite.  Tschei 
has  pointed  out  this  interesting  fact  about  the  constitution  of  the  albite  and  o 
class  molecules.  Their  decomposition  into  zeolites  and  into  kaolin  on  the 
hand,  and  their  re-formation  as  pseudomorphs  of  the  same  zeolites,  shows  this 
sion  of  the  sUicon  in  a  striking  manner. 

Decomposition  of  Potash  and  Soda  Felspars. 

Na'jAl'^^i^Oie  +  2H,0         =  Na,Ar^i40i,  2H,0  +  2SiO, 
albite  analcime 

KjAl^igOie  +  CaO  +  4H,0  =  Ca'Al^i^Oi^iHjO  +  K,0  +  2SiO, 
orthoclase  laumontite 

K,Al,Si«Oie  +  2H,0  =  H4Al'"^i,09  +  K,0  +  4SiO, 

orthoclase  kaolin 

Re-formaHon  of  Felspars  as  Pseudomorphs  of  Zeolites  and  Leudte. 

Na'',Al''^i40i„2H,0  +  K,0  +  2SiO,  =  KjAl^jSi^Oig  +  Na,0  +  2H,0 
analcin^e  orthoclase 

Ca'Al^i40i„4H,0  +  K,0  +  2SiO,    =  KjAl*'^ViOi,  +  CaO  +  4H,0 
laumontite  orthoclase 

Ca'Ar^i40i^4H,0  +  Na,0  +  2SiO,  =  NajAl^^i^Oi,  +  CaO  +  4H,0 
laumontite  albite 

K,Ar,Si40i,  +  2Si0,  =  K^Ar^i^Oie 

leucite  orthoclase  (sanidin) 

It  is  scarcely  necessary  to  remind  the  student  that  the  potash,  soda,  lime, 
silica  removed  or  added  in  the  foregoing  equations  do  not  take  part  in  the  i 
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I  as  sQch,  bot  are  in  combination — the  bases  as  carbonates  or  silicates,  the 

6  as  silicates  or  silicic  acid. 

>ne  of  the  bodies  produced  by  the  decomposition  of  potash  and  soda  felspars 
i«  preceding  reactions,  kaoUn,  is  of  speciiU  importance  to  the  geologist.  It  is 
jpe  of  those  immense  masses  of  amorphous  hydrous  aluminous  silicates  which 
^ed  by  the  general  name  of  day.  Most  clays  contain  considerable  quanti- 
of  iron,  which,  when  present  as  ferricum,  colours  them  red.  Clays  also 
lin  more  or  less  of  the  debris  of  the  rocks  from  which  they  are  formed  in  all 
•a  of  decomposition. 

Laolin  and  cla3rs  are  all  derived  from  the  decomposition  of  potash  and  soda 
era.  Anorthite  or  lime  felspar,  which  contains  only  four  atoms  of  silicon  in 
lolecnle,  does  not  yield  kaolin,  although  its  molecule,  Ca'',Al%Si40|^  contains 
materials  of  two  molecules  of  kaolin,  by  the  addition  of  four  molecules  of 
T  and  the  removal  of  two  atoms  of  lime,  thus— 

Cm'tAl^tO^  +  4H,0  =  (CaO),  +  2H4Al,Si,09  or  2Ar^iA»2H,0. 

nM  fact  that  anorthite  does  not  produce  kaoliu,  notwithstanding  the  simpli- 
of  the  reaction  just  indicated,  is  of  very  great  interest,  and  throws  great  light 
he  constitution  of  the  felspars.     ; 

rbere  are  several  other  amorphous  hydrous  aluminous  silicates,  such  as  hal 
ite,  samoite,  smectite,  pholerite,  etc.,  which  are  not  produced  in  the  same 

as  kaolin.     Many  of  them  are  precipitates  from  solutions,  such  as  the  in- 
ited  ones  accompanying  pyrites  in  lodes,  the  similar  substances  found  in 
e»,  mineral  veins,  and  in  certain  thin  beds  of  various  ages. 
There  are  also  several  crystallLsed  non-magnesian  hydrous  silicates,  with  and 
lout  alumina,  which  are  often  included  under  the  term  zeolites,  but  which 

separated    from    them   by    most    mineralogists.       Among    these    may  be 
itioned    apophylllte,    which    contains    some    fluorine    in    place   of    oxygen 

VgSiul  ^^  }  16,H,0,  pectolite  Na'^Ca^SiigOiy, H,0,  and  datholite,  which  is  a 

osilicate  of  calcium  Ca''4Bo'^,Si50i„aq  =  Ca'Bo'^,04  +  SCa'SiOsjHaO. 
Apatite  is  a  tricalcic  phosphate  containing  fluorine,  and  generally  chlorine. 

composition  may  be  expressed  by  the  formula  C&''^{VO^)^{C&  q\     It  crystal- 

s  in  Hix-sided  prisms  or  tables  belonging  to  the  hexagonal  system.  Sometimes 
prisms  are  terminated  by  a  six-sided  prism-like  quartz.  The  crystals, 
Kially  American  specimens,  are  often  of  considerable  size.  They  are  white, 
r,  greenish-grey,  green,  wine  yellow,  and  red  ;  generally  opaque,  sometimes 
-transparent ;   is  softer  than  felspar,  and  harder  than  fluor-spar.     Its  density 

7  U)  .3**25.     It  also  occurs  massive,  of  a  yellowish- white,  or  oil-green.     One  of 
massive  varieties  is  named  phosphorite^  because  it  becomes  phosphorescent 

tfo  rubbed-  At  one  time  phosphorus  was  not  suspected  to  exist  in  any 
lerals  ;  even  Berzelius  did  not  know  of  its  existence  in  apatite,  which  received 
name  from  dxaraeLp,  to  deceive,  on  account  of  the  mistakes  of  the  earlier 
leralogists  regarding  its  composition.  Its  general  diffusion  in  rocks  was  first 
vn  by  Fownes  and  Sullivan  ;  since  then  apatite  has  been  found  to  be  one  of 
most  widely  diffused  minerals,  and  to  possess  considerable  lithological  im- 
tance.  Von  Richthofen  has  recently  found  from  04  to  11 2  i^er  cent  of 
wphoric  acid  in  melaphyrs,  or  from  about  1  to  3  per  cent  of  apatite.  Crystals 
ajjatite  occur  as  endomorphs  in  a  great  many  minerals,  especially  in  augite, 
-nblende,  mica,  sanidin,  nepheline,  etc 


CHAPTER  IV. 

ON  THE  OBIOIK,  CLASSIFICATION,  AND  DETERMINATION  OF  BOCC& 

A  ROCK  is  a  mass  of  mineral  matter  consistiDg  of  many  particles,  dti 
of  one  species  of  mineral,  or  of  two  or  more  species  of  minerals,  or 
fragments  of  such  particles,  which  may  or  may  not  resemble  each  otl 
either  in  size,  form,  or  composition.  A  rock  does  not  necessarily  poa 
any  regular  synmietry  of  form  in  the  external  shape  of  the  mass.  0 
logists  are  accustomed  also  to  include  under  the  term  rock  all  cooad 
able  accumulations  of  mineral  matter,  whether  they  be  hard  or  • 
compacted  or  incoherent  In  this  sense  soft  day,  loam,  or  loose  ss 
may  be  called  "  a  rock." 

In  order  to  apply  mineralogy  to  geological  research  we  must  stu 
the  genetic  relations  of  minerals — that  is  to  say,  we  must  endeayoor 
discover  their  modes  of  production,  and  the  circumstances  which  wi 
necessary,  or  conducive,  to  their  appearance  in  the  positions  and  in  1 
combinations  in  which  we  now  find  them.  In  the  previous  chap 
some  account  has  been  given  of  the  minerals  which  enter  most  ab» 
dantly  into  the  composition  of  rocks.  It  is  hoped  that  the  foregoi 
abstract  of  a  part  of  chemistry  and  mineralogy  will  enable  the  8tud< 
to  reason,  to  some  extent,  on  the  origin  of  rocks,  and  to  draw  cert 
conclusions  as  regards  the  relations  of  those  mineral  constituents  wb 
are  essential  to  their  existence — those  which  so  far  enter  into  th 
mass  as  to  make  them  essentially  what  they  are,  and  the  abstract 
of  which  would  make  them  something  different* 

*  There  la  aa  yet  no  good  English  treatise  on  Petrography,  or  the  clasaiflcatioa 
description  of  rocks — a  want  which  it  is  to  be  hoped  will  be  supplied  at  no  very  dii^ 
date  by  Mr.  David  Forbes.  The  following  list  will  guide  the  student  to  the  guieral  lit 
ture  of  this  sul^ject  ;— 

1.  Lehrbuch  der  PeirograpMe.    F.  Zirkel     2  vols.    1866.    [This  is  the  best  work 

Petrography  yet  published,  though,  owing  to  the  rapid  advances  which  are  i 
being  made  in  this  branch  of  science,  it  is  even  now  in  some  respects  aatiqaat 

2.  Lehrbuch  der  Geognotie.    Naumann.    Vol  L     1858. 
8.  CJagelfioation  der  Felsurten.    F.  Senft.    1857- 

4.  Lehrbuch  der  MiiuraHen-und  Felsartenkunde.    F.  Senft    1860. 

5.  Bocks  Clas$i/ied  and  Detcribed.    B.  Gotta.    (Translated  by  Laurence.)    1866. 

6.  Die  KryetaUinUchen  FelsgcmengtheOe.    F.  Senft.    1S68. 

7.  Chemical  Geology.    BischofT.    (Translated  for  Cavendish  Society.)    8  vols. 

8.  Hittoire  det  Progrke  de  la  GMogU,    D'Archiac.    VoL  ilL,  last  chapter. 
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CiTstaUiMLtion. — One  of  the  most  obvious  properties  of  minerals  is 
dr  cryetallisatioiL     All  crystals  are  built  up  by  the  successive  ex- 
addition  of  minute  crystalline  particles  of  like  forms.    It  is  clear, 
1,  that  these  particles  must  have  been  free  to  move  and  arrange 
Ives;  in  other  words,  they  must  have  been  in  Ajtuid  or  neaiJi/ 
Jiuid  state.    But  this  fluidity  may  have  been  the  result  either  of  9ohition 
water  or  other  liquids,  or  of  fusion  by  heat  Whenever,  then,  we  find 
crrstal,  or  a  mineral  particle  that  has  an  internal  crystalline  structure, 
may  feel  assured  that  this  structure  has  been  produced  either  by 
or  fusion  ;  in  other  words,  that  the  crystal  has  been  either  dis- 
or  melted.     But  if  this  be  true  as  regards  individual  crystals,  or 
line  particles,  it  must  also  be  true  of  rocks  that  are  made  up  of 
ciystaLs  or  such  particles.     Some  minerals,  as,  for  instance,  calcite 
carbonate  of  lime,  are  readily  soluble  in  water  containing  carbonic  acid 
;  if,  therefore,  we  meet  with  a  rock  composed  of  crystalline  particles 
earbonate  of  lime,  we  should  naturally  suppose  that  it  had  once  l)een 
JiTilrrd  in  acidulous  water  and  consolidated  from  that  solution.     The 
Mlid  acid  silica  is  likewise  soluble  in  water  containing  carbonic  acid  gas 
id  othtrr  substances,  and  also  in  water  at  a  high  tem|)erature.*     We 
therefore,  easily  understtind  the  dejwsition  of  crj'stals  of  cjuartz 
from  afjueuus  84»lutions.    For  the  production  of  many  silicates,  however 
^,  for  instance,  the  artificial  silicates,  slog  and  gloss),  fusion  by  heat  is 
Most  of  the  natural  silicates  ore  practically  insoluble  in 
•,  or  in  any  other  fluids  which  are  found  abuiidautly  in  nature. 
"When,  then,  we  meet  with  nniks  composed  altogether  of  crystals,  or 
ciTstalline  particles,  of  such  silicates,  we  naturally  conclude  that  those 
JOcks  were  once  in  a  state  of  fusion  from  heat. 

But  in  each  of  these  coses  there  are  grodations  from  rocks  in  which 
the  cry.*talluie  pirticles  are  lorge  and  distinct,  through  others  wluire 
they  become  less  and  less  till  they  are  only  discernible  with  a  lens,  into 
•Qtiie  which  ofipear  quite  coinjNict  and  homogeneous.  This  gmdatiun 
teaches  us  that  what  is  true  of  the  crystalline  rocks  may  also  be  true 
of  Djniiioct  rocks  of  the  same  mineral  comp(^>sition,  and  that,  therefon*, 
CTy*'talline  an<l  compact  limestone,  quartz  crystiils,  vein  quartz,  ami 
coui|»jA:t  flint,  may  equally  hove  been  dissolved  in  water,  and  crysUil- 

».  £f*i»  rtA  ('nrnpamtirt  Petrology.     J.  Durocher.     (Translated  in  Dr.   IIauj;lit<»ii'8 

Manual  o/tfroUigy.) 
Iv.  KkmttUf  dtr  I'ctrt>grarkie.    A.  Kunngntt.     1868. 

Th*n;  an-  in  Gerumn  ainl  Frem-h  liU'niture  (sparingly  in  oar  own^  many  momoirH  nn.l 
C««^Tivti"ns  of  i(i»efial  rfwks  or  families  of  rocks.  Rvfervncen  to  some  of  th«  njon-  im- 
l-Ttant  fif  tht^'  will  he  giren  in  the  following  pages,  but  for  fuller  particulars  the  Htmlnit 
ik'iiM  coiwQlt  the  manuals  of  Zirkel  or  Cotta. 

•  Mr.  Jtrffrvys  shove*!  (/i^tporto,  Urit  Assoc,  vol.  x.)  that  the  vap^mr  of  wnter,  at  a 
tr-vprtatHnr  above  that  necessary  to  melt  Inm,  dlRsolvetl  silica,  even  atUcking  (M.iii].H(t 
liviivvM  minerals ;  ami  that  a  jet  of  such  steam  containing!  dissolved  silica  di'iiosiltd  u 
*^  V  of  '(naits  crystala  as  It  cooletl  on  escajiinjr  i^vzi/  the  vcshvL 
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line  and  compact  silicates  bave  equally  been  melted  by  beat.  In  the 
latter  case  the  artificial  silicate  glass  again  assists  us,  since  tbe  very  same 
mass  wbich,  if  cooled  rapidly,  will  form  a  perfectly  homogeneous  trans- 
parent glass,  will,  if  allowed  to  cool  more  slowly,  become  opaque,  and 
stony,  and  ultimately  begin  to  granulate,  that  is,  its  constituents  will 
form  distinct  crystalline  grains  in  the  mass. 

Chemically-formed  Books. — Many  rocks,  then,  have  been  chemically 
formed,  that  is,  have  consolidated  from  fusion  or  solution  in  obedience 
to  chemical  laws.  Those  that  have  become  consolidated  from  fusion  we 
may  call  Igneous  rocks ;  those  that  have  consolidated  from  solution, 
Aqueous  rocks. 

Chemically-formed  Aqueous  rocks  may  be  crygtdlUiu  or  compact  in 
texture. 

Chemically-formed  Igneous  rocks  may  be  crystalline^  compact,  or 
glany  in  texture. 

Both  kinds  may  have  occasionally  concretionaryy  nodtilary  sparnff 
jlhrouSy  or  other  textures,  according  to  local  modifying  circumstances ; 
and  some  of  these  textures  may  be  produced  by  chemical  action  in 
other  rocks  that  were  not  originally  of  chemical  formation. 

In  most  crystalline  rocks,  the  whole  mass  seems  to  have  become  con- 
solidated so  nearly  at  the  same  time,  that  no  one  mineral  was  able  to 
form  everywhere  perfect  crystals.  The  growth  of  each  crystal  appears 
to  have  been  hindered  by  that  of  its  neighbours,  the  whole  being  locked 
together  into  a  congeries  of  mutually  embedded  imperfect  crystalline 
particles.  It  is  this  which  gives  strength  and  firmness  to  the  rock.  If 
each  particle  were  a  perfect  crystal,  merely  adhering  by  its  facets  to 
its  neighbours,  the  rock  would  be  apt  to  fall  into  a  mere  crystalline 
sand.  This  actually  happens  occasionally  in  some  magnesian  lime- 
stones. 

In  all  crystalline  rocks,  however,  whether  aqueous  or  igneous,  the 
crystalline  particles,  although  not  perfect  crystals,  have  yet  some  faces 
and  angles  of  perfect  crystals,  being  evidently  formed  in  the  position 
where  we  now  find  them.  They  are  innate  crystalline  granules.  Loaf- 
sugar,  sugar-candy,  crystallised  alum,  are  familiar  examples  of  this  struc- 
ture, and  will  serve  to  explain  what  is  meant  by  the  innate  crystalline 
structure  of  marble  or  of  granite. 

MeohanioaUy-formed  Books. — In  examining  the  mineral  composi- 
tion of  rocks,  however,  we  should  soon  become  aware  of  another  essential 
difference  in  them.  We  should  find  many  rocks  the  particles  of  which 
were  distinct,  but  not  at  all  crystalline  ;  or  if  crystalline  internally,  their 
external  form  would  not  be  regular  like  a  crystal,  but  exhibit  evident 
marks  of  mechanical  fracture  and  attrition.  The  particles  of  these 
rocks  would  not  be  mutually  embedded  like  those  of  chemical  rocks, 
and  would  evidently  not  have  grown  where  we  now  find  them,  but  have 
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been  brought  together  from  8ome  external  source,  and  adhere  to  each 
EHber,  either  from  having  heen  squeezed  together  hj  pressure,  or  be- 
Daase  they  were  cemented  by  some  other  substance.  The  vciy  form  of 
t]iei>e  particles  would  show  that  they  are  fragments  of  other  pre-existing 
rocke,  and  have  been  broken  oflf  some  parent  mass,  and  worn  by  the 
Action  of  moving  water.  This  derivative  origin  and  water-worn  form 
very  obvious  with  respect  to  such  of  these  rocks  as  consist  oi  j^thbhs, 
roiiiide«l  fragments  of  other  rocks,  compacted  together  in  sand,  which 
M  dearly  the  result  of  an  abrading  process.  In  many  cases  the  very  rock 
bom  some  part  of  which  the  pebbles  were  derived  can  be  pointed  out ;  in 
other  cashes  the  fact  of  mechanical  transport  is  ob\'ioua,  though  the  ori^nnal 
■ite  of  the  pebbles  may  be  unknoiivn.  From  those  cases  where  the  in<li- 
▼idual  constituents  of  the  rock  are  laige  and  their  form  distinctly  visible, 
there  is  every  gradation  through  those  where  they  become  less  and  less, 
till  at  length  we  meet  with  some  in  which  the  particles  are  not  dis- 
cernible by  the  lens.  We  have,  then,  compact  derivative  rocks,  just  as 
"ve  have  compact  chemical  ones. 

To  all  such  derivative  rocks  we  may  assign  the  term  Mechanical,  as 
•LoiK-ing  that  their  materials  have  been  mechanically  procured  and 
trsin-!j»'jrteJ  to  their  j)re8ent  site:*.  The  machinery  employed  in  this 
'{■ortation  must  clearly  l)e  either  currents  of  water  or  currents  of 
ir,  and  the  mechanical  rwks,  tlierefore,  must  be  all  either  Aqueous  or 
Jierial  rvK-ks,  the  lutter  l>eing  verj'  few  and  unini]>ortant  conqMired  with 
th«  fi-mier.  Even  Igneous  rocks,  which  must  in  themselves  be  purely 
ch^ijiical  comp<.)un<ls,  may  have  their  mechanical  acconijmniments,  as  the 
aiihe.«,  cinders,  and  fragment8  blown  from  the  mouths  of  volcanoes,  and 
thcTe  may  be  comj*acted  into  solid  rocks,  whether  they  fall  on  land  or 
ititr>  water. 

Orffuiically-foTmed  Books. — ^Tliere  is  yet  another  soupce  from  which 
ii>me  Dn'ks  are  derived,  since  they  are  found  to  be  wholly,  or  almost 
«hidly,  ct.iniposeil  of  fragments  of  animals  or  plants.  These  rocks  may 
>*  tinned  Opj^anic,  in  the  sense  of  organically-derived  rocks.  The  portions 
of  the  plants  or  animals  may  be  either  little  altered  from  their  original 
c-iU'litii^n,  or  veiy  much  altered  and  altogether  mineralised.  In  the 
fir^t  ca.-*,  they  are  allied  U)  the  mechanical ;  in  the  latter,  to  the  chemi- 
cal n/cki^. 

A**,  moreover,  chemical  precipitates  are  liable  to  be  adulterated  by 
mHrhanical  impurities,  and  mechanical  deposits  to  be  imju-eguated  with 
chtruiirally-acting  liquids  or  gases,  and  as  l)Oth  mechanical  admixtures 
Ui'i  chtfmical  acti(ms  and  reactions  may  play  a  jxirt  in  the  formation  of 
Picki*  ma^le  of  organic  materials,  we  can  easily  see  how  all  three  classes 
'if  r'Hjks  may  occasionally  be  mingled  together  and  pass  into  each  other, 
anil  how  many  aqueous  rocks  may  have  l)een  formed  by  the  union 
of  two  or  of  the  three  agencies,  and  appear  to  belong  to  one  or  the 
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other  class,  according  to  the  point  of  view  firom  which  we  < 
them. 

We  have  now  anived,  then,  at  the  conclusion  that  differen 
had  an  aqueous,  an  igneous,  or  an  organic  origin,  solely  from  t! 
sideration  of  the  nature  of  the  mineral  particles  composing  them 
conclusion,  however,  by  no  means  depends  entirely  on  such  cor 
tions.  The  Aqueous  rocks  are  known  to  be  so,  not  only  from  thei 
composed  of  soluble  minerals,  or  of  minerals  that  have  been  wate 
or  of  parts  of  plants  and  animals  that  have  either  lived  in  water  • 
carried  down  into  it,  but  also  because  their  materials  are  arrai 
regular  layers,  beds,  or  strata,  obviously  the  result  of  their  havii 
strewn  over  the  bottom  of  the  seas,  lakes,  or  rivers  in  which  th( 
deposited.  They  are  hence  often  called  Sedimentary  and  Sti 
Books. 

The  Igneous  Rocks,  on  the  other  hand,  are  known  to  be  su 
only  from  their  consisting  of  silicates  which  could  only  be  formed 
fusion,  but  also  from  the  absence  of  that  regular  stratification  \i 
more  or  less  characteristic  of  all  rocks  deposited  in  water.  If  thi 
anything  resembling  stratification,  it  is  of  that  irregular  kind 
streams  of  lava  possess  as  they  flow  down  the  flanks  of  volca 
over  gently  sloping  ground.  Many  of  them,  indeed,  are  just  sue 
as  we  see  poured  forth  from  the  mouths  of  volcanoes  in  the 
molten  lava.  Even  those  which  least  resemble  actual  lava  in  i 
composition  are  often  found  to  be  intrusive^  that  is,  to  have  h 
jected,  either  as  great  masses,  or  as  veins  and  tortuous  strings,  i 
body  of  other  rocks,  or  else  to  have  cut  through  these  rocks  in  w 
sheets  called  "  dykes,"  just  as  lava  cuts  through  rocks  in  the  nei^ 
hood  or  in  the  heart  of  volcanoes.  We  cannot  conceive  the  pos 
of  one  aqueous  rock  being,  at  the  time  of  its  formation,  intruded 
thrust  through  another,*  since  they  are  all  formed  by  the  tran* 
position  of  sediment  coming  to  rest  at  the  bottom  of  some  wat€ 
trusive  rocks,  therefore,  must  be  of  igneous  origin.  They  are 
as  Unstratifled  or  Bruptive. 

In  many  cases  these  intruded  masses  have  exerted  such  an  ii 
as  would  be  produced  by  great  heat  on  the  rock  with  which  th( 
in  contact.  The  neighbouring  rocks  have,  in  fact,  been  burnt  oi 
This  change,  together  with  the  consideration  of  the  chemical 
and  reactions  that  may  be  set  up  in  the  mass  of  rocks  by  the  per 
of  various  fluids  or  gases,  and  the  mechanical  or  chemical  for 
may  be  brought  into  play  by  the  action  of  pressure  and  other  a 

*  It  is  not  necesMry  to  take  any  not«  here  of  such  exceptional  cases  as  those  in 
the  pressare  of  large  bodies  of  ioe,  masses  of  soft  strata  may  be  contorted  and 
into  each  other. 
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lIjdii|N)ie8  HI  to  ask  the  qoeitioii,  Whetiier  numy  loeki  m  we 
ee  them  juKf  not  be  in  a  rery  difiemit  state  fiom  that  in  which 
rere  oagmally  toined  ?  We  ahonld,  on  inveatigationy  find  reason 
iwer  tiiB  qoeBtion  in  the  affinnatiTe,  and  intiodnee  another 
mdor  Sir  d  Lyell'a  tenn,  Xetamorpliio  (or  transfonned)  rocks. 
MT^uK,  as  tide  change  or  transfonnation  is  called,  is  mnch 
gmeal  fthsn  is  oommoiily  recognised.  Not  onfy  Aqneons,  hnt 
a  loekt,  and  their  mechanically-farmed  aeoompaniments»  have 
DMtmuaipbosed  into  more  aystalline  rocks  tlum  they  were  ori* 
^'  Both  Aqneons  and  Igneous  rocks  hire  also  been  so  aeted  on 
n  dMoueal  agencies  as  to  exhibit  nodular,  coneredonaryy  crystal* 
hnoi,  veined,  or  other  anangements  of  their  component  ingre- 
•  cither  in  parts  or  in  the  whole  of  their  nuun.  Mechanical  pressure 
N>  imputed  an  entirely  new  structure  to  some  rocks. 
^  gnat  Claaaea  of  Boeka. — ^We  may  then  dass  all  rocks 
m  Older  the  four  great  heads  of  Igneous,  Aqueous,  Aerial,  and 
'^''Fhie,  seeordhig  to  the  nature  of  the  agencies  by  which  titoy 
*^  IgtHii^t  into  their  present  state  and  position. 
^  hnboQM  are  all  chemically-formed  rocks,  but  some  of  them 
^  mechanical  accompaniments. 

I  MoibQQM  rocks  are  either  chemical,  mechanical,  or  organic, 
^^ichanical  origin  being  far  the  most  abundant. 
"^^^^  are  all  mechanical,  and  are  of  comparatively  small  im- 

^^^mmorphio  have  been  altered  from  their  first  condition, 

Staining  their  original   atructure   and   composition,  and 

^"ving  these  characters  replaced  by  others,  to  be  afterwards 

•^tion.  Texture,  and  Stmetiire  of  Boeka. — ^Theee  terms 
j'*Xe  following  senses  in  this  work : — 

Ion  refers  to  the  mineral  substances  of  which  a  rock  is 


^  the  grain  or  manner  of  arrangement  of  the  component 
^^  a  rock.     Thus  we  find  some  rocks  granuloTy  others  cryt- 
^^^*ipact  (or  crypfo-erystdUine),  or  gUuty^ot  earthy.    Some  are 
^^tJiers  am^^daloidaljOihisn  vesicular^  others  $ckigto9e — tenns 
'    ^  \)e  aftenmds  explained.     It  may  be  remarked,  however, 
^^^^erences  of  texture,  such  as  the  vencular,  become  occasion- 
^J^ilgeiated  that  they  are  then  more  properly  regarded  as  dif- 
^^    structure.     Texture  relates  to  the  minuter  parts  of  the 
^^^^  of  rocks,  and  can  be  determined  from  hand  specimens. 
»fl*^!4i«  is  the  manner  in  which  the  individual  particles,  whatever 
I  ^«%ture  or  minuter  relations  to  each  other,  are  built  up  into  a 
k>*^    The  structure  of  some  rocks  is  numive,  in  o&em  it  ia 
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hedded,  or  amorphous,  or  jointedj  or  columnar,  or  daggyy  or  shihj.  Bat  as 
some  of  these  structural  arrangements  affect  even  the  minutest  particles 
of  the  rock,  Structure  is  occasionally  found  to  pass  into  what  is  more 
usually  denominated  Texture.  On  the  whole,  however,  Structure  may 
be  regarded  as  referring  to  the  larger  features  of  the  arrangement  of  a 
rock,  and  can  only  be  properly  examined  in  cliffs,  ravines,  hill-sides, 
or  in  artificial  openings  of  sufficient  size,  such  as  quarries  and  railway 
cuttings.  This  part  of  our  subject  falls  to  be  treated  in  Section  XL — 
Petrology. 

I>eteniiination  of  Rocks. — In  examining  any  specimen  of  rock,  in  order 
to  determine  to  which  of  these  classes  it  belongs,  we  proceed  in  the  following  waj : 
— Having  provided  a  chipping-hammer,  a  pocket-lens,  a  knife,  and  a  small  botUe  of 
dilute  hydrochloric  or  other  mineral  acid,  the  first  thing  is  to  form,  by  chipplof^ 
two  fresh  surfaces  on  the  specimen,  as  nearly  as  passible  at  right  angl^  to  each 
other.  These  surfaces  are  to  be  carefully  examined,  in  order  to  determine  the 
texture  of  the  rock. 

Compact  Rocks. — If  the  rock  be  quite  compact,  so  that  no  crystals  or  grains 
be  apparent  even  with  the  lens,  it  should  be  scratched  with  the  knife.  If  it 
scratch  readily,  it  is  either  an  aqueous  rock  or  a  very  much  decomposed  igneous 
one.  If  it  requires  some  force  to  make  any  impression  on  it,  but  can  be  scratched 
when  that  force  is  exerted,  it  is  probably  a  compact  igneous  rock  ;  if,  on  the  other 
hand,  it  be  merely  marked  by  the  steel  of  the  knife,  as  if  by  a  hard  lead  pencil,  it 
is  then  probably  a  purely  siliceous  rock,  either  flint,  chert,  or  some  other  form  of 
quartz.  In  that  case  it  will  be  of  aiiueoiis  origin,  but  probably  either  part  of  a 
vein,  or  a  nodule,  or  concretion  formed  in  a  ruck  rather  than  a  rock  itself.  If  a 
compact  rock  be  easily  scratched,  it  should  be  tried  with  a  little  dilute  acid,  and 
if  it  effervesce  freely  it  may  at  once  be  set  down  as  limestone  ;  if  it  effervesce  slowly 
it  may  be  a  magnesian  limestone  ;  and  if  it  do  not  effervesce  at  all  it  may  either 
be  gypsum  or  a  decomposed  rock. 

Oranular  Hocks. — If  the  rock  be  granular,  it  must  first  be  determined  whether 
the  grains  be  innate  crystalline  particles,  or  water-worn  like  grains  of  sand.  If  its 
texture  be  coarse,  there  will  not  be  much  difficulty  in  this  determination.  Any 
distinctly  water-worn  and  rounded  grain  or  pebble  included  in  the  rock,  will  at 
once  decide  the  rock  to  be  of  aqueous  origin.  Sometimes  the  grains  may  consist  of 
broken  crystals,  very  little,  if  at  all,  water-worn,  when  it  might  be  mistaken  for  a 
crystalline  igneous  rock.  If,  however,  those  broken  crystals  be  all,  or  nearly  all, 
fragments  of  quartz,  great  doubt  would  arise  as  to  the  correctness  of  that  con- 
elusion,  and  careful  search  will  often  disclose  some  grain  distinctly  rounded,  or 
some  little  fragment  which  has  obviously  acquired  its  present  form  by  mechanical 
fracture  or  attrition,  proving  it  to  be  of  aqueous  origin.  Some  varieties  of  igneous 
rock  enclose  small  globules  or  blebs  of  crystalline  quartz,  looking  so  like  pebbles 
that  they  might  lead  the  observer  astray.  Regular  alternations  of  layers,  slightly 
different  in  colour  and  texture,  form  strong,  but  not  absolutely  conclusive  evidence 
in  favour  of  the  rock  being  a  stratified  or  sedimentary,  and  therefore  an  aqueous 
one. 

Crystalline  or  Crystallinc-granular  Rocks.  — If,  on  the  contrary,  the  rock  be 
distinctly  composed  of  innate  crystalline  particles,  the  point  to  determine  will  be 
whether  those  consist  of  carbonates  or  sulphates,  on  the  one  hand,  or  silicates  on 
the  other.  If  of  either  of  the  two  former,  it  may  be  set  down  at  once  as  an 
aqueous  rock,  if  of  the  latter,  as  igneous.  To  determine  this  pointy  the  knife 
should  be  first  used — if  the  rock  be  easily  scratched  it  is  almost  certainly  one  of 
the  two  former,  if  very  easily  scratched  and  the  scratched  part  do  not  at  all 
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th  acidi,  it  is  prohMj  gypnun.  If  the  scratched  port  instantly  boil 
i  is  api^ied  to  it,  it  is  certainly  some  kind  of  limestone.  If  it  effer- 
,  and  have  a  pearly  lustre  and  gritty  feel,  it  is  probably  magnesian 

-ystalline  particles  be  neither  carbonates  nor  sulphates  they  will  be 
.  the  rock  an  igneous  one.  It  will  then  be  necessary  to  determine  the 
DOS  rock  by  disoovering  the  nature  of  the  minerals ;  whether  in  the 
lere  are  any  particles  of  free  silica  or  quartz  among  them,  and  whether 
ig  particles  consist  of  homblendic,  felspathic,  micaceous,  or  xeolitio 
what  mixture  of  these,  and  in  what  proportions.  This  may  often  be 
with  the  naked  eye  or  with  a  lens,  by  recognising  the  minerals  from 
teristic  external  appearance,  by  determining  the  angles  formed  by  their 
herefore  the  form  of  their  crystals,  or  if  neither  of  these  methods  be 
microscopic  or  chemical  analyses,  as  described  below. 
>dfc». — If  the  rock  have  a  very  decided  platy  structure,  so  that  a  blow 
nmer  causes  it  to  split  much  more  readily  in  one  direction  than  in  any 
a  tendency  to  separate  into  many  thin  pLates — the  question  which 
ether  it  be  an  aqueous  rock  formed  by  the  successive  deposition  of 
lyers,  or  a  metamorphic  rock.  If  the  former,  it  will  probably  be  soft 
tken,  and  the  plates  will  run  parallel  to  and  coincide  with  layers  of 
}nr  or  texture,  or  with  the  grain  of  the  rock. 

•phic  Rocks. —If,  however,  it  be  a  metamorphic  rock,  it  will  probably 
I  the  plates  more  or  less  firm  after  separation  Arom  each  other.  If  the 
«  plates  be  doll  and  earthy-looking,  it  is  probably  a  slate  or  "  cleaved  " 
owever,  the  faces  glitter  with  a  metallic  lustre,  and  the  rock  have  a 
If  serai-crystalliue  texture,  it  will  then  be  a  schistose  or  crystalline- 
tamorx>hic  rock. 

lent  ^-ill  do  well  to  procure,  and  to  examine  with  lens,  acid,  knife,  and 
K'iniens  of  the  most  common  forms  of  the  minerals,  Quartz,  Calcite, 
btpar,  Hornblende,  Augite,  and  Mica,  and  endeavour  to  recognise  them 
e  coniinon  rocks,  such  as  Granite,  Diorite,  Felstone,  Basalt,  Limestone, 
^nd  Gypsum,  by  the  methods  here  pointed  out  A  little  practice  will 
to  do  this,  and  he  will  then  be  able  to  recognise  the  onlinary  varieties 
:h  he  is  likely  to  meet  with,  and  will  know  how  to  go  about  the  deter- 
others  when  they  occur. 

icopio  Analysis. — It  often  happens,  however,  that  neither  the  naked 
•od  lens  will  help  us  to  get  at  the  composition  and  textural  arrangement 
led  rocks,  while  the  rough  forms  of  analysis  mentioned  in  the  foregoing 
are  equally  unavailing.  In  such  cases,  much  may  be  learnt  by  ex- 
!  rocks  under  a  microscope.  For  this  purpose  a  thin  slice  of  any  rock 
prr>po({eri  to  examine  is  taken  and  ground  smooth,  and  polished  on  one 
]>oIished  surface  is  then  securely  fastened  with  Canada  balsam  to  a 
t« -glass,  and  the  other  side  is  ground  down  until  the  section  is  of  the 
iriness  and  transparency.  The  preparation  may  be  covered  with  a  plate 
1  glass  rooimted  with  balsam  on  the  slide,  care  being  taken  to  exclude 
,  and  to  remove  all  traces  of  the  emery-powder  and  other  substances  used 
ling  and  polishing  process. 

section  prepared  in  this  way  enables  us  to  ascertain  with  precision  the 
which  the  different  minerals  are  built  into  each  other,  and  often  throws 
ight  on  the  origin  of  a  rock,  and  on  the  subsequent  changes  which  the 
iiiergone.  It  furnishes  an  opportunity  of  applying  the  delicate  analysis 
I  light,  and  thus  reveals  points  of  structure  in  the  composition  of  a  rock 
I  not  be  ascertained  in  any  other  way.  Quite  recently  this  method  of 
s  Ijeen  successfully  adopted  to  discriminate  between  augite  and  horn- 
}  minerals  which  it  is  verydiiBcult  to  distingnhth  from  each  other  ¥i\ieil 
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they  occur  in  minnte  crp^talB.*  MiatMcopic  antlynB  u  m  yet  only  in  its  ii 
but  it  promiBes  to  be  of  the  very  hi^^est  importance  as  an  aid  to  gee 
reseaTch.t 

Ohemical  AnalyBis. — ^While  the  microscope  reveals  to  us  the  mai 
which  the  different  mine  ral  ingredients  of  a  rock  are  arranged  with  regani 
other,  it  does  not  always  enable  us  to  hz  what  the  minerals  are,  nor  inf< 
expressly  of  what  elements  these  mineral  ingredients  are  composed.  If  w 
to  ascertain  the  ultimate  chemical  composition  of  a  rock,  we  must  have  n 
to  chemical  analysis.  Such  an  analysis,  by  revealing  the  nature  and  pro] 
of  the  elements  in  the  rock,  will  tell  us  what  possible  combinations  these  el 
might  form,  and  thus  indicate  what  minerals  may  be,  and  which  cannot  be,  p 
When  chemical  and  microscopic  analysis  are  combined,  they  furnish  an  exh: 
method  of  research.  X 

*  See  Tschennak,  SiUmngAericht  der  K.  K.  AkmA.  dttr  WiatMcX.  irie«.  May  ISGi 

t  The  flnt  aeoount  of  this  method  of  examination  of  mineral  sabsUaees  wu  g 
Nieol,  in  Witham's  FauiX  Vegetablu,  E<linbaigh,  1831,  p.  45.  He  applied  it  to  the  inve«i 
of  fossil  botany.  The  flnt  application  of  it  to  the  study  of  rocks  was  made  by  Mr.  So 
remarkable  memoir  commonicated  to  the  Geological  Society  of  London  (Qtmrt.  Jo% 
Soe.  1868,  vol.  ziv.  p.  458).  Since  that  memoir  appeared  little  has  been  done  in  thLsc 
though  Mr.  David  Forbes  has  been  steadily  amassing  materials  which  we  hope  will 
long  see  the  light.  In  Germany,  however,  microscopic  analjrsis  has  been  eagerly  ] 
by  Zirlcel,  Tschermak,  Fischer,  Sandberger,  Vogelsang,  and  many  others.  The  stud' 
is  desirous  of  prosecuting  this  method  of  reseai-ch  should  study  the  paper  of  Mr. 
He  will  find  much  to  guide  him  in  the  investigation  of  igneous  rocks  in  Tanh 
admirable  Memoir  <m  tht  Porphyry  Rocks  of  Austria^  Vienna,  1809,  especially  the  ii: 
tory  part,  pp.  1-20 ;  also  Zirkel's  recent  work,  Ueber  die  Mikroskopitcke  ZtuammtngeU 
BcualtgetUiiu.  He  should  also  consult  a  pai^er  by  Mr.  David  Forbes  on  "  The  Mic 
in  Geology,"  In  the  Popular  Science  Review  for  October  1867 ;  Dr.  Beale's  work. 
Work  with  the  Microscope,  p.  179 ;  and  a  paper  by  Mr.  J.  B.  Jordan,  "On  an  Appan 
Preparing  Rock-Sections,  in  the  Journal  of  the  QuekeU  Microscopical  Clvb  for  Ju 
Mr.  Jordan  has  :invented  an  ingenious  rock-slicing  machine,  which  may  be  obtain* 
Messrs.  Cotton  and  Johnson,  Grafton  Street,  Soho,  London. 

t  The  chemical  analysis  of  rocks  is  treated  of  in  most  of  the  petrogmphical  wor 
at  the  beginning  of  this  chapter.  See,  in  particular,  BischoflTs  Chemical  Geology, 
essays  of  Durocher,  Delesse,  and  Daubr^e. 

The  student  ought  to  accustom  himself  to  the  use  of  the  blowpipe  as  an  instrui 
aid  him  in  the  determination  of  rocks.  Much  assistance  may  be  obtained  in  thiB  w; 
field  geologist  should  consider  his  outfit  complete  if  it  does  not  include  a  blowpi] 
the  requisite  reagents,  and  a  microscope,  with  such  portable  apparatus  as  may  su 
supplying  him  with  adequate  means  of  obtaining  thin  .sections  of  the  rocks  be 
encountering  in  the  field.  Proper  detailed  chemical  analysis  is  not  possible  as  a  i 
geologist  at  work  in  the  field,  but  he  should  apply  for  this  assistance  not  xmtrei 
It  is  much  to  be  regretted  that  the  chemical  composition  of  British  rocks  has  been 
attended  to  by  British  geologists. 


CHAPTER   V. 

A  CLASSIFICATION  AND  DESCRIPTION  OF  BOCKS. 

L—IQIOSOnS  BOCKS. 

till  commence  our  examination  of  rocks  with  the  igneous  rocks  as' 
i  wliich  are  the  most  essentially  original,  and  those  indeed  from 
k  most  others  are  either  directly  or  indirectly  derived. 
^mfmtion  according  to  composition. — From  what  has  been  §aid 
K,  it  may  be  inferred  that  all  igneous  rocks  without  exception  are 
po^d  of  minerals  which  are  silicates.     These  minerals  may  be  said 
i^Jong  to  two  j^reat  classes,  silicates   of  Magnesia  and  sUicates  of 
iiina,  the  species  or  varieties  of  each  resulting  from  their  various 
"^^^^  with   silicates  of  potash,  soda,  lime,  iron,  manganese,  etc. 
^cat^s  of  Magnesia,  etc,  constitute  the  homblendic,  or  pyroxenic, 
'^ric  minerals  ;  the  silicates  of  Alumina,  etc.,  forming  the  fels- 
ic  ones.    The  micaceous  minerals,  which  we  may  look  on  as  hold- 
*n  intermediate  place   between  them,  are  in  reality  of  minor 
^rtance,  8o  f ar  as  unaltered  rocks  are  concerned. 
*^t  Felspars  are  the  bases  of  all  truly  igneous  rocks,  those  in 
'^  no  fekpar  or  mineral  of  that  type  is  present  being  very  few  and 
'^pjrtant,  even  if  they  exist  at  all.     The  Homblendic  and  Augitic 
^^Is  hold  the  next  most  important  place,  and  the  volcanic  and 
P^  rocks  may  be  divided  into  two  great  series  depending  on  the 
^^  of  those  minerals  which  aie  mingled  with  the  felspars.     Those 
*  m  which  Felspar  alone  occurs,  or  in  which  it  greatly  predominates, 
/^called  the  felppathic  rocks  ;  those  in  which  the  Homblendic  or 
itic  luinerals  play  a  considerable  part,  may  be  called  homblendic 
'}"^oxHmc  rocks. 

in  the  purely  felspathic  igneous  rocks,  the  felspar  is  either  Ortho- 
^  JU(inoclinic)  and  the  rock  is  highly  silicated  or  acidic^  as  in  fel- 
'•  ttc,  or  it  is  a  triclinic  or  plagioclase  felspar,*  as  in  porphyrite. 
^^  iiomblendic  or  augitic  rocks,  the  felspar  is  plagioclase,  either 
?^W,  or  some  more  basic  variety,  as  Labradorite  or  Anorthite, 
thfc  rock  is  of  a  basic  character. 

*  See  caiU,  p.  TS—TscbermAk'a  Table  of  the  Felipan, 
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Clamjication  according  to  circumstances  of  formation, — To  the  geolo- 
gist, however,  the  minend  composition  of  a  rock  is  chiefly  of  import- 
ance as  enabling  him  to  determine  its  method  of  formation.  It  baa 
been  proposed  accordingly  to  class  the  igneous  rocks  under  two  heads — 
the  Volcanic  or  those  which  reached  the  surface,  and  the  Plutonic  or 
those  which  consolidated  at  some  distance  below  it  But  practically 
we  often  meet  with  rocks  that  it  is  difficult  to  place  with  certainty  in 
cither  class.  It  is,  moreover,  often  advisable  to  avoid  terms  that 
involve  foregone  conclusions.  For  these  reasons  it  seems  preferable  to 
arrange  the  igneous  rocks  under  three  heads — Volcanic,  Trappean,  and 
Granitic.  The  middle  term  trappean  is  one  of  convenience  only,  to 
include  some  rocks  that  have  been  formed  by  volcanic  action,  some 
that  are  more  essentially  granitic,  with  many  intermediate  or  undete^ 
mined  rocks  between  the  two.  The  term  Granitic  is  also  vague,  be- 
cause there  are  granites  which  are  metamorphic  rather  than  igneous 
rocks.  The  vagueness  of  these  terms,  however,  is  at  present  their 
recommendation,  for  the  reasons  given  above. 
r  Igneous  rocks  differ  among  themselves — 
X^^lst,  In  composition,  as  being  made  up  of  different  minerals. 

2dly,  In  having  different  textures. 

3dly,  In  having  different  structures. 
"^J.  The  mineralogical  differences  between  the  varieties  of  igneotu 
rocks  will  be  seen  in  the  following  systematic  accoimt  of  the  more 
important  of  these  varieties. 

2.  The  chief  varieties  of  texture  are  the  crystallinef  which  is  sub- 
divided into  coarse-crystalline  and  fine-crystalline  ;  the  compact  or  cnfpto- 
crystalline  or  homogeneous ;  the  granular ;  the  glassy  ;  the  earthy  ;  the 
porphyritic  ;  the  vesicular  ;  and  the  amygdaloidal. 

Some  differences  of  texture,  as  previously  remarked,  become  occa- 
sionally so  exaggerated  that  they  pass  into  structural  differences.  This 
is  particularly  to  be  observed  in  some  igneous  rocks  where  on  one  side 
we  have  a  finely- vesicular  texture,  on  the  other  side  a  rock  in  which 
the  cavities  have  become  so  large,  irregular,  and  abundant,  as  wholly 
to  alter  the  aspect  of  the  mass  and  give  it  the  structure  of  a  slag  or 
scoria. 

When  a  rock  is  distinctly  crystalline,  so  that  the  crystals  of  its 
mineral  constituents  are  clearly  discernible,  they  may  be  determined 
by  simple  inspection.  In  the  compact  and  vitreous  textures,  however, 
the  determination  of  the  mineral  constituents  of  a  rock  can  only  be 
arrived  at — 1st,  By  chemical  analysis,  which  will  enable  us  either  to 
determine  what  minerals  the  elements  found  in  such  proportions  would 
be  likely  to  form,  or  to  compare  the  analysis  with  that  of  other  speci- 
mens of  which  the  mineral  constituents  are  known  ;  or  2d,  By  micro- 
scopic analysis,  whereby,  using  extremely  thin  sections  of  the  rocks 
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^laiBy  we  aze  enabled  to  examine  tlieir  texture  and 
nporitioii  under  a  high  magnifying  power, 
n  fact  in  the  mannfactnie  of  glass,  that  the  yeij  same 
silicates  will  fonn  transparent  glass,*  opaque  slag,  or 

according  to  cirenmstances.  As  these  different  condi- 
leceiye  difiierent  names,  so  may  the  different  textures 
inces  receiye  different  names,  notwithstanding  that  in 
consist  of  essentially  the  same  ingredienta.  Am  some 
ous,  or  vesicular,  and  thus  pass  into  dnders,  so  some 
lewise  assume  a  vesicular  or  cindeiy  character.  When 
cles  become  fiUed  with  a  crystalline  nudeus  or  kernel 
dther  by  subsequent  infiltration,  or  during  the  process 

so  that  the  dispersed  ciystalline  patches  look  like 
tto  the  mass,  the  rock  is  said  to  be  an  ami/tfdaUndf  or  to 
oidal  texture. 

detached  crystals  are  disseminated  through  a  compact 
rstals  through  a  fine-grained  base,  the  rodk  is  said  to 
iVlien  the  amygdaloidal  or  porphyritic  textures  become 
appear  the  most  prominent  characters  of  the  rock,  that 
?en  spoken  of  simply  as  an  amygdaloid  or  a  pcrphyjy. 
■se  are  incidental  textures,  common,  the  amygdaloidal 
porphyritic  to  all  igneous  rocks,  this  nomenclature 
iental  to  an  essential  attribute  ;  a  mistake  which  it 
L 

Dg  differences  of  structure  among  igneous  rocks  are  the 
e  rocks  are  arranged  in  beds  ;  amorphauSj  where  no 
structure  can  be  made  out ;  matsivey  occurring  in  laige 
n  be  broken  or  quarried  in  any  direction  ;  laminated ^ 
n  layers  ;  jointed^  traversed  by  "  joints "  whereby  the 

into  angular  blocks  ;  columnar,  divided  by  prismatic 
s  or  columns  ;  scoriaceous,  rough  and  ragged  like  the 
ano  ;  slag^^  resembling  the  slag  of  an  iron-furnace. 

rocks  will  be  treated  in  detail  in  succeeding  chapters, 
bear  in  mind  the  remark  made  in  a  previous  paragraph, 
itructure  are  in  some  directions  foimd  to  pass  into  each 

>r  ciTstals  from  a  itate  of  Igneons  ftwion  ki  in  ererj  rMpect  uudogoiiB 
when  cryttala  are  formed  in  water.  It  ia  limply  the  deposition  9t 
D  in  a  liquid  that  becomes  eolid  at  a  high  temperature,  or  the  crystal- 
I  itself,  in  the  same  manner  as  when  crystals  are  deposited  firom  sola- 
t  water  Itself  f^ieexes.  ...  A  glass  is  a  liquid  which,  on  oooUng, 
ore  viscous,  and  st  length  solidifies  without  undergoing  any  sudden  or 
Aysical  structure.  If,  however,  the  liquid,  sfter  cooling  to  a  certain 
ise,  it  undergoes  a  sudden  and  entire  physical  change,  and  the  structure 
Tby  on  Jfieroseopfeat  Struetun  qf  Crfiab.    (kol.  Jourmti,  Tot  xlv.  p. 
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il.-VOLOAKIO  BOCKS. 

a.  CryBtalline. 

These  are  often  spoken  of  under  the  general  term  of  Lava,  the 
that  term  is  more  properly  applied  to  the  dark  basaltic  and  freque 
Bcoriaceous  varieties  which  are  emitted  in  streams  from  volcanic  era 
They  may  be  grouped  under  two  divisions — 1.  The  Trachytic  fani 
2.  The  Doleritic  or  Pyroxenic  family. 

Bunsen,  in  his  memoir  on  the  volcanic  rocks  of  Iceland,*  de-sci 
his  normal  trachytic  rocks  at  one  end  of  the  volcanic  series,  and 
normal  pyroxenic  rocks  at  the  other  end,  with  many  intermed 
varieties  between  the  two.  He  states  the  folio  vvdng  as  the  mean  v; 
of  the  composition  of  his  two  normal  rocks,  and  shows  that  by  ana 
ing  any  intermediate  variety  of  rock,  and  determining  the  proportio: 
any  one  of  these  ingredients  (taking  the  silica  as  the  easiest  and  b 
the  proportion  of  the  other  ingredients  may  be  calculated,  and  1 
may  be  determined  the  quantities  of  these  two  normal  substances  wl 
have  been  mixed  together  to  form  the  rock  in  question. 

Normal  Normal 

Trachytic.       Pyroxenic. 

Silica 76-67  48*47 

Alumina  and  protoxide  of  iron     .        .  14*23  80*16 

Lime 1*44  11*87 

Magnesia 0*28  6*89 

Potash 8-20  0*65 

Soda 4*18  1*96 

100-00  100*00 

The  analyses  given  in  the  following  descriptions  of  the  rocks 
chiefly  taken  from  Durocher*s  Esmy  on  Comparative  Petroici^ 
They  show  the  maximum  and  minimum  of  each  ingredient  obser 
by  many  different  analysts,  and  give  the  mean  composition  of  the  rt 

I.  The  Trachytes,  or  Felspathio  or  Acidic  Group. 

The  Trachytes  are  so  called  from  the  Greek  word  r^a^ug,  rot 
as  they  commonly  have  a  rough  prickly  feel  to  the  finger.  They 
usually  light-coloured,  pale  grey,  or  white,  but  sometimes  dark  g 
or  nearly  black.  They  are  composed  principally  of  a  felspar,  rich 
silica,  such  as  Orthoclase,  or  its  varieties,  and  not  any  of  those  in  wli 
the  bases  are  more  abundant,  such  as  Labradorite  or  Anorthite. 

Traofayte,  properly  so  called,  has  either  a  fine-grained  or  compact  teztm 


*  Poggend.  AnndLt  toI.  Ixxxlil.  p.  201  (1851). 
f  TFUialated  by  Haagihton  in  hia  MoAvucd  of  Gkolom. 
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fed,  and  ■omttimat  a  edlnlir  aad  aoorifiad  appeanaoe.  It.iiii^  in  colour 
p«l6  grey  to  dark  iran-gny,  and  k  aometimei  raddiah  from  tha  {yreaenoe  of 
It  is  eompoaed  of  a  eonfuaed  aggregation  of  Gryatala  of  felapaii'oltan  minnta 

ladle-Bliapedy  Imt  witk  otban  laigar  and  more  diatinct.  *'«*% 


Tnehyte  eoataiBS 
Siliea 
Alamina 
Potaah 
Soda 


MudmimL    Miainiiim.       xiaiu 


710 

64-0 

66*5- 

20  0 

lS-0 

17-0 

9-0 

8-0 

6-0  , 

6-0 

0-5 

4-0 

2*5 

0-6 

1-4 

2-0 

0-0 

1-1 

s-o 

1-6 

8-0 

2-0 

0-0 

1-0 

WO 

Bimam 

2*60,  mean 

2-67. 

Xagneaia 

Ozidea  of  iron  and  manganaae 

Lose  bjignitioii 

Spacifie  gravity,  maTimnm 

adi jte  ia  divided  into  aereial  varietiea,  according  to  the  nature  of  ita  oom- 
*  lelfpar  and  other  ingredienta.  Normal  trachyte,  according  to  the  airange- 
Qt  Zirkel,  ia  characterised  by  the  abaence  of  quartz  and  the  peaenoe  of 
h,  either  alone,  when  the  rock  forma  MmeUn^ra^yte,  or  with  oligodaae^ 
I  it  is  known  as  Mmdin^iffoclaae-iraekifte  or  Draehe^feb  traehyte.  QuariB' 
liCe  kss  a  felsitic  base,  with  crystals  or  grains  of  quartz  and  crystala  of  "LtiMiw, 
Jen  markedly,  of  oligoclase.  ZhmiU  is  the  name  given  to  a  variety  of  tra- 
found  in  the  district  of  Puy  de  Ddme  in  Central  France.  It  is  a  greyish- 
,  fine-grained,  often  earthy  and  friable  rock,  supposed  by  some  to  have  been 
4  by  the  passage  through  it  of  hydrochloric  acid.  The  trachytes  are  often 
r  porphjrritic  Crystals  of  sanidin  occur  in  them  an  inch  or  more  in  length, 
the  well-known  rock  of  the  Drachenfels.  Other  minerals  found  in  trachyte 
imblende,  black-mica,  augite,  etc.  lu  the  neighbourhood  of  the  Laacher 
>iuided  blocks  of  a  trachytic  rock,  known  as  "  Sanidin  bombs/*  are  rich  in 
lU,  particularly  in  hornblende^  mica,  olivine,  augite,  titanite,  haiiyne,  nosean, 
tic  imn,  lencite,  and  many  others. 

Murlatone  is  composed  of  a  number  of  globules,  from  the  size  of  a  nut  to  that 
rain  of  sand,  of  a  vitreous,  or  enamelled  aspect,  and  pearly  lustre,  occa- 
y  adhering  together  without  any  jmste.  These  sometimes  lose  their  lustre 
K,  and  pass  into  a  compact  stony  mass,  or  they  assume  an  internal  radiated 
tre  (sphaerulite).  Pearlstone  is  found  in  some  places  to  become  fibrous, 
r,  and  spongy,  and  to  paw  gradually  into  obsidian,  pitchstone,  or  pumice, 
'tic  porphyry  sometimes  passes  into  pearlstone  by  insensible  gradations,  just 
»hall  hereafter  see  that  felstone  ia  sometimes  porphyritic  and  sometimes 
r  and  concretionary. 

idasite;  a  trachytic  rock,  found  in  Chimborazo  and  other  parts  of  the 
,  and  also,  according  to  Abich,  in  the  Caucasus.  It  has  various  degrees  of 
;tneB8  and  consistency,  and  has  a  coarse  conchoidal  fracture.  G.  Rose  says 
una  crystals  of  oligoclase  and  augite ;  Abich  makes  them  oligoclase  or  albite, 
omblende  and  magnetic  iron  ore. 

inkatone  or  Fhonolite  is  a  compact  homogeneous  rock,  with  a  acaly  or 
ry  fracture,  sometimea  conchoidal,  of  a  greyish-green  or  ashy-grey  colour, 
ring  white  externally.  It  is  often  rendered  porphyritic  by  acatt««d  crya- 
sanidin,  but  theae  are  commonly  not  very  distinctly  separable  flrom  it, 
ing  only  as  brilliant  surfaces  here  and  there  in  the  mass.  Other  mineral 
iriea  are  hornblende,  nepheline,  and  magnetic  iron,  aometimea  titanite  and 
Gmelin  ahowed  that  phonolite  consists  ot  a  part  aolable  in  hydrochlom 
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acid,  and  .an'ot^ieir  part  not  soluble.  The  soluble  portion  was  considered  to  1 
xeolite,  fs^  the  rock  was  regarded  as  a  trachyte,  altered  by  sea-water.*  1 
recent  inyestigations,  however,  lead  to  the  conclusion  that  the  supposed  zei 
ingredienf  fnay  be  nepheline.  Jensch  regards  the  Bohemian  phonoUte  as  cod. 
ing  of 'sanidin,  58*55  ;  nepheline,  81*76 ;  hornblende  (like  arfvedsonite),  9' 
titajiitfej  5*67  ;  iron  pyrites,  0*04. 

Cliiflcstone  commonly  splits  into  thin  slabs,  and  is  often  so  finely  laminate) 

'  to  be  used  for  roofing  slate.     The  slabs  give  a  metallic  sound  when  struck  i 
tiitf  hammer,  whence  its  name.     It  is  sometimes  perfectly  columnar ;  the  coliu 

'•^Ktting  across  into  slabs,  which  are  also  used  as  slates. 


Clinkstone  contains                 H 

[azimam. 

Minimum. 

Mean. 

SiUca 

62 

64 

67*7 

Alumina  . 

24 

17 

20*6 

Potash 

9 

8 

6*0 

Soda 

14 

8 

7*0 

Lime 

8*6 

0 

1*5 

Magnesia  . 

2 

0 

0*6 

Oxides  of  iron  and  manganese 

4-5 

1*6 

8*5 

Loss  by  ignition  . 

8*5 

1-0 

8*2 

Specific  gravity,  mean  2*68. 


100-0 


Obsidian,  or  Voloanio  Glass,  is  the  completely  vitreous  condition  o 
trachytic  rock.  It  commonly  looks  like  coarse  bottle  glass,  having  a  concho 
fracture  and  breaking  into  sharply  angular  fragments,  semi-transparent  or  tr 
lucent  at  the  edges ;  black,  brown,  or  greyish-green,  rarely  yellow,  blue,  or 
sometimes  streaked.  It  is  divided  into  obsidian  proper,  a  perfect  natural  gli 
obsidian  porphyry^  containing  felspar  crystals  scattered  through  the  glassy  bi 
sphwnditic  obsidian,  containing  sphffirulitic  granules,  which  have  a  more  or 
perfect  internal  radiated  structure  ;  blistered  obsidian,  a  rock  full  of  cavities,  o 
drawn  out  in  one  direction,  and  giving  thereby  a  kind  of  fissile  structure  to 
rock.     The  last-named  variety  passes  naturally  into  pttmice. 


Obsidian  contaiuR 

Maximum. 

Minimum. 

Mean. 

Silica 

78 

61 

710 

Alumina  . 

19 

10 

13*8 

Potash     . 

7 

0 

4-0 

Soda 

11 

0 

6*2 

Lime 

2 

0 

11 

Magnesia 

1 

0 

0*6 

Oxides  of  iron  and  manganese 

6 

2 

8*7 

Loss  by  ignition  . 

1*6 

0 

0*6 

100  0 
Specific  gravity,  maximum  2*56,  minimum  2*25,  mean  2*40. 

Pumioe  IB  the  cellular  and  filamentous  form  of  obsidian  or  other  tracb 
rock,  and  the  same  remarks  as  to  composition  will  apply  to  it  as  to  obsidian, 
is,  in  fact,  the  froth  of  a  lava,  its  porous  and  filamentous  characters  being  due  to 
escape  of  steam  or  gaseous  matter  through  it.  Owing  to  this  porous  and  vesic 
character  it  swims  on  water,  but  its  true  specific  gravity,  when  pounded,  vo 
from  2*0  to  2*58,  the  mean  being  2*80. 


•  8ee  Abich,  quoted  in  D*  ArcKiae,  voL  ill.  p.  804. 
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PMMh 
Bodft. 


lammm. 

VUtann^ 

Man. 

77-0 

61-0 

68-8 

18-0 

10-0 

14-0 

6-0 

1-5 

8-7 

11-0 

0-0 

6-0 

8-0 

0-0 

11 

1-0 

0-0 

0-6 

•  4-5 

0-5 

8-8 

4-0 

0*5 

8-6 

Ozidfls  of  iron  md 
l4Mi  by  iffBitkm 

100-0 

nHh  the  tndiytai  k  a  ^wsMj  of  rock  pnwwring  SQiiie  ol  the 

of  fhe  doteritie  nriei,  md  to  which  Ahich  ga^  the  name  of  fVM*f>- 

It  ooDtaiiis  oligoelaee  or  UPbndoritfl^  homhkBde,  tngit^  aad  a  Uttle 

KroB.    Aooovdmg  to  Ziii^*  the  greelv  pert  of  the  looka  ao  named 

i^  tP  the  qnaitileM  aagitie  aadeaitea. 

S.  TmB  DoLBBiTBy  OB  PTBOzBino  OB  Basxo  Gboup. 

Tbe  term  dcienie  (&om  Greek  deXi^,  deeeptiye)  istha  namegjiTCii  to 
taap  of  igneoDB  lodks  of  a  daric  green  or  liuik  odlonry  compceed  of  a 
Etare  of  a  tridinic  feikpar  and  angite  (pyroxene),  with  magnetie  or 
■dfierone  iron  and  olivine.  They  are,  aa  a  whole,  heavier  than  the 
Aytes,  and  are  more  hoiicj  that  is,  contain  a  larger  proportion  of 
t  heavier  bases,  while  the  trachytes  are  more  aeidie,  or  contain  a 
jga  percentage  of  silica.  The  doleritic  rocks  contain  three  principal 
Mties — doUriie,  anamemtej  and  htualt;  but  they  all  pass  into  each 
^  and  the  names  are  indeed  based  more  on  mere  differences  of 
line  than  on  any  essential  distinctions. 

Dolerite^— A  crystaUine'grainilar  miztiue  of  labradonte  and  angite,  with 
at  tHaniferoiia  or  magnetic  iron,  and  often  containing  a  little  carbonate  of  iron 
i  earinoate  of  lime.-)-    General  ookrar,  dark  grey. 


Dolerite  contains 

Maximom. 

Minimnm. 

Mean. 

Silica             .             .             .             . 

65 

46        • 

51-0 

Alumina        .             .            .            . 

16 

12 

14-0 

Potaah 

1 

0 

0-2 

Roda 

5 

2 

8*4 

Lime              .            .             .            . 

18 

7 

10-0 

lUgnesU       .             .            .            . 

9 

8 

5*5 

Oxides  of  iron  and  manganese 

18 

9 

li-7 

Loea  bv  i&nition 

8 

0-6 

11 

99-9 
Specifie  gravity,  maximnm  8*10,  minimnm  2*86,  mean  2*95. 

The  labradorite  forms  white  or  light  grey  tabular  crystals,  the  angite  black 
»ea.     Both  can  be  distingdshed  by  the  naked  eye,  especially  in  the 
varietiea.     The  magnetic  iron  forms  small  octahedral  scarcely  visible 


iL147. 
Sooie  of  the  Gaoadiaa  dderites  abound  in  oliTlne.     See  Stony  Hunt:  DmoHfHv 
iafm^fMUmoiaimdSMka<^C«madaimlAmdimMsai4MHam 


104 


GEOGNOST. 


grains,  which,  when  the  rock  is  pounded,  can  be  remoTed  by  the  magnet  1 
most  characteristic  accessory  mineral  in  dolerite  is  olivine,  which  occnrs  in  min 
granules  of  a  yellowish  or  greenish  tint,  somewhat  like  grains  of  gum-arabic  Ot 
minerals  that  also  occur  are  nepheline,  leucite,  melanite,  and  occasionally  he 
blende.  A  variety  from  Aulgasse  near  Siegburg  is  said  to  contain  28  per  cent 
carbonates,  three-fourths  of  that  being  carbonate  of  iron. 

The  varieties  of  dolerite  aire  :  granular  or  ordinary,  porphyrUic,  and  amyg 
laidaL 

Anameslte  is  a  fine-grained  or  micro-crystalline  dolerite,  in  which  the  cc 
ponent  minerals  are  so  intimately  blended  that  they  cannot  readily  be  distinguish 
Its  colour  is  dark  grey  or  greenish  or  brownish  black.  It  forms  the  interaiedi 
step  between  dolerite  and  basalt     Specific  gravity  2*80. 

Basalt  is  a  compact,  apparently  homogeneous,  nearly  or  altogether  black  re 
with  a  dull  conchoidal  fracture.  Until  recently  basalt  has  been  usually  regar 
as  an  intimate  mixture  of  labradorite,  augite,  and  titaniferous  iron,  with  a  frequ 
admixture  of  olivine,  of  a  zeolitic  substance,  and  of  carbonates  of  lime  and  ir 
After  an  elaborate  series  of  microscopic  investigations,  Zirkel  has  lately  diri* 
basalt  into  three  groups,  according  to  the  nature  of  their  colourless  silicate : — 
Felspathic  haaaUsj  where  the  colourless  nnd  non-femigineous  silicate  is  a  tncl 
felspar.  These  are  the  most  abundant  of  the  basalts  :  they  include  all  the  Brii 
basaltic  rocks.  2d,  Leucitic  hasaliSy  where  the  clear  silicate  is  leucite.  3d,  iVVj 
line  bascdts,  where  nepheline  takes  the  place  of  the  felspar  or  of  the  leucite.  Wl 
ever  be  the  nature  of  the  colourless  silicate,  however,  these  three  groups  agrw 
being  largely  composed  of  augite  and  magnetic  (or  titaniferous)  iron,  with  aln 
alwajTR  more  or  less  olivine.  Nepheline-iMtrite  and  Leucitoj)hyr  or  LeudU-^ 
are  names  given  to  some  of  the  more  distinctly  crystalline  varieties  where  ne] 
line  and  leucite  respectively  occur. 

According  to  differences  of  texture  we  have  ordinary  basalt,  porphyritic  ha* 
amygdaloidal  basali,  slaggy  bastUt,  wacke  or  earthy  bamlt.  Occasionally  has 
owing  perhaps  to  rapidity  of  cooling,  has  assumed  a  glassy  character.  Under 
phase  it  is  known  as  tachylite,  which  is  a  dark  green  or  black  glass,  very  like  pi 
stone  in  external  appearance.  This  substance  has  been  found  by  Mr.  Geikie 
unfrequently  as  a  thin  crust  on  the  sides  of  basalt  and  dolerite  dykes  in  Scotloi 


Basalt  contains 

Maximum. 

Minimum. 

Mean. 

Silica 

53 

42 

48-0 

Alumina 

18 

10 

13-8 

Potash 

3 

0-5 

1-5 

Soda 

5 

2 

80 

Lime 

14 

7 

10-2 

Magnesia 

10 

3 

6-5 

Oxides  of  iron  and  manganese 

16 

9 

13-8 

Loss  by  ignition 

5 

1 

8-2 

100-0 

Specific  gravity,  maximum 

3-10,  n 

minimum  2 

•85,  mean 

2-96. 

*  Messrs.  Chance  of  Birmingham  melted  the  basalt  of  the  Rowley  Hills  by  simple 
without  the  addition  of  any  foreign  ingredient,  and  cast  it  into  blocks  and  omani* 
mouldings  for  architectural  purposes.  These  blocks  are  internally  stony,  minutely  cry 
line  in  some  parts,  in  others  vesicular  and  slaggy.  Portions,  however,  which  were  c-a. 
thin  slabs  for  roofing  purposes,  and  allowed  to  cool  rapidly,  formed  a  glass  undistingi 
able  by  any  external  character  trom  that  of  volcanic  districts.  Specimens  may  be  see 
the  Museums  of  Jermyn  Street,  London,  and  Stephen's  Green,  Dublin.  An  account  oi 
nuaufkctnre  will  be  found  in  The  Bimii^fham  and  Midia-nd  Hardware  District,  a  vol 
containing  a  aeriea  ot  Reports  to  the  BritUh  AasocVaUon  Va  \%^. . 
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loleritie  raek%  mbmi  ihtj  htm  been  intnided  aaoog  fmelenemi  or  Uitaninoiia 
i^  usually  bceome  doU,  end  more  or  leee  eerthj  fai  teztnreb  and  white  or  |«]e 
w  m  coloiir.  Bjkee  oC  this  "white  rac^"  tr»|v  or  "white  hone,"  proceeding 
Ike  iMtiuelw  miMee  of  the  eouth  StifBoidehire  ooel-field,  look  eometimee  like 
ttibj  variety  of  feletooe  or  poiphyzifa^  and  mif^i^  mikei  oueftilly  ezamined, 
«■  inistskeii  for  eendstone  or  elaj,  eioept  tliat  they  eend  threada  and  veine 
^  the  ooal  and  other  ioek%  and  alter  them.^  Th»  late  Mr.  Henry  deter- 
1  the  eomporition  of  a  specimen  ctf  this  "white  xock  "  tFq>  ae  followi : — 

Saka 88-a80 

Alumina 18*260 

Lime              •            •            .            •            .  8*926 

MagMBia 4*180 

Soda 0*971 

Fotaah 0*422 

PtotooL  iron    •           •           •           •           •  18*880 

pBroK.  iron      •            •            •            •            •  4*886 

OulMmfe  acid  .....  9*820 

Water 11*010 


10a078 


!he  preeence  of  eo  laiige  a  quantity  of  carbonic  acid  and  water  makee  it  appear 
dilTerent  in  composition  from  any  of  the  doleritic  rocks  Jnst  mentioned,  but  if 
Bpvi  these  two  snbetanoea  as  of  eabsequent  introdnction  by  peroolation,  and 
mng  entered  into  the  composition  of  the  rock  as  metamorphic  agents,  some 
le  silicates  having  been  decomposed  and  converted  into  carbonates,  and  others 
iicm  becoming  hydrated,  there  will  be  no  diflSculty  in  supposing  the  rock  to 
t  formed  originally  ptut  of  the  doleritic  mass  from  which  the  dykes  proceed, 
rhe  names  dolerUe4ava,  anafnesite4ava,  and  bcualt-laTxt,  have  been  given  to 
8  having  the  character  of  dolerite,  anamesite,  and  basalt  respectively,  and 
*.h  hare  been  erupted  as  lavas  from  recent  volcanoes.  But  there  is  really  no 
i  line  of  separation  between  the  two,  so  far  as  petrographical  characters  go. 
affix  **  lava  "  serves  to  indicate  that  the  rock  is  of  modem  date,  and  has  been 
red  out  at  the  surface  as  a  lava ;  but  .dolerite,  anamesite,  and  basalt,  have  also 
1  in  a  great  many  cases  thrown  out  at  the  surface  as  true  lavaretreams,  chiefly 
iDg  the  tertiary  periods. 

p.  FragmentaL 

The  fragmentaiy  materials  ejected  from  a  volcanic  orifice  during 
pdon.  vary  in  character  from  large  blocks  of  lava  down  to  tbe  most 
Mdpable  dnst.  These  materials  often  greatly  surpass  in  bulk  the 
re  lava  streams  which  precede,  follow,  or  accompany  them.  Their 
«  of  consolidation  varies  as  much  as  the  size  and  composition  of 
ir  particles.  Sometimes  they  remain  quite  loose  and  incoherent, 
letimes  form  a  solid  stone.  If  after  ejection  they  fall  on  the  land, 
f  may  become  compacted  into  a  rock  by  the  simple  pressure  of  their 
I  weighty  or  by  becoming  mixed  with  water  either  at  the  time  of 

Bee  a  pi^terbyMr.  D.  FOrbes  hi  Popular  iSoieiiM  J2«vfew  for  October  188T,  Plate  xvli. 
ft,  aiMl  Rate  xvUL  Fig.  IS.  The  oosl-flelds  of  Ayrshire  present  many  lUostiaUons  of  this 
ra  of  tntmslve  doleritie  locks.  The  coal  to  often  rendered  beaatiftOlyeolniiuiar  when  It 
a  la  contact  with  the  vein  of  Igneous  rock.  See  Catalogue  of  QeoL  flurvey  speoimena 
tiatmrgb  Mnaeoai,  p.  80. 
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eniption  or  by  subsequent  percolation.  This  water  may  either  be  the 
condensed  vapour  which  escapes  in  enormous  quantities  from  volcanic 
foci,  or  rain,  or  other  water,  subsequently  gaining  access  to  the  volcanic 
detritus.  The  volcanic  ash  that  fell  on  Herculaneum  was  mixed  with 
water,  and  is  therefore  much  more  consolidated  than  that  which  coveied 
PompeiL  If  the  materials  fall  in  the  sea,  they  become  subject  to  the 
conditions  under  which  all  other  mechanically-formed  aqueous  rocks  an 
produced,  and  may  then  enclose  and  preserve  shells,  seaweeds,  or  other 

The  word  ''  ash,"  often  used  to  denote  the  finer  debris  showend 
out  by  a  volcano,  is  not  very  good,  since  its  primary  meaning  seemi 
to  be  only  "  a  fine  powder,  the  residuum  of  combustion.**  A  word  ii 
wanting  to  express  all  the  loose  materials  blown  out  from  a  volcanie 
orifice  during  an  eruption,  no  matter  what  their  size  and  condition  mtj 
be.  We  might  call  them  perhaps  '^  pyroclastic  materials,"  but  I  have 
endeavoured  in  vain  to  think  of  an  English  word  which  should  expzen 
this  meaning.  If  the  word  "ash*'  is  retained,  it  should  be  used  with 
the  requisite  enlarged  technical  signification. 

The  following  are  the  chief  varieties  of  fragmental  rocks  of  volcanie 
origin : — 

Sooria  is  the  name  given  to  rough  cinder-like  fragments  of  lava  which  v* 
ejected  from  a  volcanic  orifice.  The  term  has  reference  to  the  external  form  and 
loose  cellular  structure  of  the  stones. 

Bombs  are  portions  of  liquid  lava  which  have  been  thrown  into  the  air,  and  have 
token  a  more  or  less  spherical  form  from  their  rapid  rotation  while  cooling ;  they 
are  frequently  hollow. 

Smaller  fragments  of  igneous  rocks  thrown  from  a  crater  are  loosely  called 
▼oloanio  stonos,  or  lapilli. 

The  finer  materials  which  are  ejected  and  sometimes  borne  to  vast  distaneei 
from  their  point  of  emission  are  known  as  volcanic  sand,  dust,  or  ashes. 

When  these  various  fragmentary  substances  come  to  form  rock-masses,  the 
latter  are  distinguished  by  different  names  according  to  the  texture  of  the  com* 
ponent  ingredients. 

When  a  coarse  unstratified  mass  of  volcanic  stones  and  rubbish  is  formed,  it  is 
known  as  a  volcanic  agglomerate.  If  the  stones  are  rough  and  angular,  and 
are  grouped  in  layers,  the  rock  becomes  a  volcanic  breccia.  If  the  stones,  on 
the  other  hand,  are  rounded  (especially  if  they  are  waterwom)  and  arranged  in 
strata,  they  give  rise  to  a  volcanic  conglomerate. 

Small  gravel-like  fragments  of  ejected  materials  cemented  together  in  a  base  of 
volcanic  dust  form  rocks  which  are  known  as  tuff,  volcanic  ash,  peperino,  etc* 

Further  subdivisions  are  made  according  to  the  mineral  character  of  the  in* 
eluded  materials.  Thus  we  have  basait^eccia,  or  hasaU-congUnnercLtef  where  the 
fhigments  are  wholly  or  chiefly  of  basalt ;  ttuchyU'tuff^  where  the  rock  is  formed  of 
triturated  trachyte  ;  so  also  hasaU-tufft  doUrite-tuff^  etc. 

Trass  (Duckstein,  Tuffstein)  is  a  term  applied  in  the  Rhine  district  to  a  com- 
pact form  of  pumiceous-tuff  of  a  yellowish  colour  which  has  filled  up  some  of  the 
valleys  to  a  considerable  depth,  and  is  now  largely  quarried  as  a  hydraulic  mortar. 
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B— TBAPFEAN  BOOKS. 

It  bas  been  before  said  that  tbiB  designation  is  adopted  as  a  con- 
it  one  only,  and  for  the  same  reason  I  would  extend  it  The  word 
has  often  been  considered  to  be  strictly  applicable  only  to  horn- 
lie  or  aogitic  rocks.*  It  is  derived  from  the  Swedish  trappa,  a 
.from  the  terraced  or  step-like  outline  which  the  rocks  present  when 
occur  in  considerable  mass.  The  term,  however,  has  often  been  used 
\j  to  designate  any  igneous  rocks  which  could  not  be  said  to  be 
Ly  granitic  on  the  one  hand,  or  absolutely  volcanic  on  the  other, 
iftk  vague  and  general  sense  I  shall  here  use  it,  its  very  vagueness 
its  recommendation.  Maculloch,  indeed,  says  that  the  word  is  a 
for  ignorance,  which  saves  the  trouble  of  investigation  ;"  but  in 
ases  it  is  obvious  that  to  the  field  geologist  the  investigation  is 
pooible.  When  he  meets  with  six  or  eight  varieties  of  rock  in  a 
morning's  work,  sometimes  forming  part  of  the  same  continuous 
he  wants  a  name  which  shall  express  the  characters  they  have  in 
^■mon,  rather  than  their  dififerences.  The  minute  distinctions  used 
^  tnange  specimens  in  cabinets  and  museums  would  often  confuse  and 
Mislead  the  geologist,  whose  object  is  to  discover,  first  of  all,  the  time 
%*i  mode  of  fonuation  of  the  great  rock-masses  which  he  meets  with. 

As  the  volcanic  rocks  are  divisible  into  two  groups,  the  felspathic 
[Md  the  pyroienic,  so  we  may  conveniently  divide  trappean  rocks  into 
ivD  sinHar  head^,  felspathic  and  homblendic.  Tlie  former  will  com- 
jriie  the  siliceous  traps,  as  Trachyte  does  the  siliceous  lavas,  and  Green- 
ktaie  the  more  basic  traps,  as  Dolerite  includes  all  the  more  basic  lavas. 
Ike  blow-pi i>e  comes  here  into  play  as  a  good  practical  means  of  dis- 
MDguishing  between  the  varieties  of  trap,  as  the  more  readily  fusible 
nrieties  will  almost  certainly  belong  to  the  basic  class  rather  than  the 
■beeous. 

a.  Crystalline. 

1.  Felspathic  Traps. 

Under  this  division  are  included  two  groups  of  rock  consisting 

*  Vr.  G«ikie  in  1890  proposed  to  nse  the  word  trap  as  a  general  term  to  indnde  all  the 
^cnu  rorks  of  Scotland  which  do  not  fall  within  the  limits  of  the  granite  family,  ex- 
dKting,  bowever,  sacb  rocks  as  the  hypersthene  of  Skye,  which  he  regarded  as  probably 
Mttoorphic  {Tmn*.  Roy.  Soc.  Edin.  xxii.  633).  He  thus  included  all  the  truly  volcanic 
MKki,  as  well  an  many  which  are  not  found  associated  with  undoubtedly  volcanic  pheno- 
iteax.  He  in  now  inclined,  however,  to  discard  the  term  altogether,  or  at  least  to  use  it 
■ly  as  a  convenient  synonym  for  rocks  of  volcanic  origin,  from  which  craters  and  all 
l»c»  of  recent  volcanic  action  have  been  removed.  The  volcanic  rocks  of  the  palwozoie, 
feeamoii*,  and  older  tertiary  formations  would  thus  be  termed  trappean.  Some  rocks  would 
ki«sei|u«!Btty  come  into  both  the  Volcanic  and  Trappean  divisions  of  the  text.  Dolerite,  for 
utanre.  occurs  both  among  the  tertiary  volcanic  rocks,  and,  according  to  Mr.  Gelkie,  among 
br  oldt-r  <or  trappean)  volcanic  rocks  of  Scotland,    See  post,  Mel&phyn,  and  Chap.  Xlll. 
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essentially  of  felspar,  but  distinguished  from  each  other  by  the  nat 
of  the  component  variety  of  that  mineral  In  one  group  are  classed 
those  rocks  which  consist  of  orthoclase,  and  contain  also  an  excesi 
free  silica.  This  is  the  acidic  group,  and  may  be  comprised  under 
general  term  Fel^tone.  In  the  other  group  the  rocks  consist  essentia 
of  one  or  more  of  the  more  basic  felspars.  This  is  the  basic  group 
the  felspathic  traps,  and  has  received  the  name  Porphyrite. 

Felatone  is  a  name  taken  from  the  German  Fdstein,  and  proposed  by  1 
fetssor  SedgMrick  to  designate  a  class  of  igneous  rocks  to  which  many  titles  1 
been  given,  but  which  have  not,  till  lately,  been  properly  examined  and  descril 
Compact  felspar,  Petrosilex,  Felsite,  and  Comean,  are  among  these  names,  as  we] 
the  Homstone  of  some  geologists,  though  that  name  has  also  been  applied  to  cb 
and  to  altered  clay  rocks.  The  Germans  describe  this  rock  under  the  head 
Porphyry  or  Felsite  Porphyry,  thus  assuming  an  accidental  variety  of  structur 
an  essential  character.*  Any  one  who  had  mapped  whole  mountains  and  g 
districts  of  it,  as  the  officers  of  the  Geological  Survey  have  done  in  Wales  and 
land,  would  have  felt  the  necessity  of  having  a  name  to  distinguish  the  rock  it 
whether  it  was  compact,  as  it  usually  occurs  there,  or  crystalline,  or  porphyrit 

Felstone  is  a  compact,  smooth,  hard,  flinty-looking  rock.  It  is  composei 
an  intimate  mixture  of  orthoclase  and  quartz.  It  has  two  princi^ial  varieties  ; 
pale  green  passing  into  a  greenish  or  yellowish  white,  and  the  blue  or  grey  varj 
from  pale  to  dark  grey.  Both  varieties  weather  white,  the  external  margin  Ix 
white  sometimes  to  the  depth  of  a  line,  sometimes  to  that  of  an  inch  or  two.  S* 
blocks  that  appear  wholly  white  have  a  small  blue  patch  in  the  centre,  and 
weathered  part,  especially  that  of  the  green  variety,  often  exhibits  ferrugineou.s  sta 
or  even  becomes  wholly  brown  or  rusty-looking.  The  green  or  greenish-w 
variety  is  often  very  translucent  at  the  edges ;  the  grey  is  commonly  opa^jue.  ' 
fracture  is  generally  smooth  and  straight,  seldom  conchoidal,  but  in  some  of 
blue  or  grey  varieties  it  is  rough  and  splintery.  It  often  splits  into  small  sIj 
and  sometimes,  esi)ecially  the  green  kinds,  into  laminse.  The  fragments  sometii 
ring  with  a  metallic  sound  like  clinkstone,  and  many  so-called  clinkstones  (sucl 
those  of  the  Roche  Sanadoire  and  Tuilliere  in  the  Mont  Dor  district,  and  thr»» 
the  Velay)  are  very  similar  in  external  characters  to  many  of  the  felstones  of  Wj 
and  Ireland. 

Durocher,  under  the  name  of  Petrosilex,  gives  the  following  compositioi 
Felstone : — 


Maximum. 

Minimum.          Me^iiu 

Silica 

80 

68                 75-4 

Alumina 

18 

11                 15-0 

Potash 

6 

2                   31 

Soda 

6 

0                   1-3 

Lime 

2 

0                  0-8 

Magnesia 

2-5 

0                   11 

Oxides  of  iron  and  manganese 

4-5 

0-6               2-3 

Loss  by  ignition 

•             ■ 

3-5 

0                  10 

100-0 

Specific  gravity, 

maximum 

2-68, 

,  minimum 

2-68,  mean  2*64. 

*  Some  German  petrographers  give  a  distinct  heading  to  "  Felstone,  Felsite- rtx^k 
Felsite-scbist,  Petrosilex,  Eurite,  Halleflinta."    It  would  appear,  however,  that  the  II 
OlatM  of  Scandinavia  and  Felsite-schiBt  are  interstmtitled  with  Oneiss,  and  are  then 
meUunorphie  rocks.    See  Cotta's  ilocfcs,  p.  220,  EngUakx  ediUou. 
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Felstones,  both  in  North  Wales  and  South  Ireland,  lines  and  stride  of 
vnt  colours,  resembling  lines  of  lamination  or  deposition,  can  be  traced 
mass  of  the  rock,  sometimes  straight,  sometimes  more  or  less  wavy 
like  the  Tariously-hued  lines  and  bands  in  a  slag  from  an  iron  furnace, 
,  probably,  like  them,  from  the  motion  of  the  mass  when  in  a  pasty 

»st  smooth  and  compact  varieties,  the  lens  will  often  disclose  small 
of  crystals  of  felspar,  and  these  sometimes  become  larger  and  more 
we  reach  the  completely  granular  and  crystalline  felstones.  Small 
ystalline  portions  of  quartz  also  are  occasionally  present  in  most 
some  felstones  there  are  small  globules  of  glassy  quartz,  looking  like 
?bbles,  leaving  round  cavities  in  the  rock  when  they  are  detached. 
?  to  be  crystalline  Mebs  of  quartz  formed  during  the  consolidation  of 
roetimes  the  rock  becomes  nodular  and  concretionary,  the  nodules 
i  from  that  of  a  pea  to  that  of  a  man's  fist,  either  scattered  in  a  com- 
?ry  base,  or  touching  each  other  and  making  up  almost  the  whole 
>ck.  The  substance  of  these  nodules  is  sometimes  the  same  as  that 
at  in  some  instances  they  are  hollow,  and  contain  crystals  of  quartz 
eral-s  and  also  a  soft,  dark  green  earth.  In  this  respect  it  seems  to 
rock  previously  described  as  pearlstone,  though  it  never  has  any 
r  lustre. 

Professor  Haughton  has  published  +  the  following  analyses  of  fel- 
own  by  discussing  the  atomic  proportions  of  their  constituents  that 
linly  be  looked  upon  as  mixtures  of  orthoclase  and  quartz,  a  con- 
)ia«l  i>rfviously  been  rather  a  suspicion  than  an  ascertained  fact.  I 
e  iir«..iMirtions  of  the  two  minerals  at  the  foot,  so  as  to  comprise  the 
■able  : — 


A 

B 

C 

D 

E 

Means. 

81-36 

78-40 

77-20 

71-52 

74-88 

76-67 

7-86 

11-32 

6-54 

12-24 

12-00 

9-99 

Tf)Ti     . 

3-32 

0-92 

5-82 

3-16 

3-50 

8-37 

8-09 

4-83 

3-69 

5-65 

4-77 

4-40 

2-63 

309 

303 

3-36 

2-49 

2-92 

0-99 

0-45 

1-81 

0-84 

0-34 

0-88 

0-45 

0-48 

0-60 

0-39 

1-28 

0-64 

iron  . 

•  •  • 

,  ^ 

•  •  • 

■  •  • 

0-20 

0-04 

ti«>n    . 

•  •  • 

0-56 

112 

1-20 

1-20 

0-81 

3 

99-70 

10005 

99-81 

98-36 

100-66 

99.72 

45-54 

3717 

40-81 

20-51 

26-46 

84-09 

5416 

62*32 

56-07 

76-66 

73-00 

64-44 

s 

99-70 

99-49 

96-88 

9716 

99-46 

98-53 

of  ijome  of  the  forms  assumed  by  these  lines  in  the  felstones  of  Snowdon, 
cribod  by  Prof.  Ramsay  in  the  3d  voL  of  the  Menu,  of  the  Gtol  Survey, 

On  the  Lower  Palieozoic  Rocks  of  the  South-East  of  Ireland,  by  Professor 

J.  Beete  Jukes.     7ran<.  R.  I.  Academy,  vol.  xxiii. 

Bally mortagh  in  the  WaJe  ofAvocM,  county  Wicklow,  Arom  a  depth  of  two 
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esH> 
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1-0 
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[agneria 

xitoof  iitm  and 
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100*0 
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tone  or  Flumolite  it  sometiiiMe  tpoken  of  at  a  trappeeD  rock.  Mny 
s  to  described  mig^t  not  eome  within  the  definition  of  dinkitcnie  i^ven 
I  may  be  only  platy,  flaggy,  and  laminated  Tarietiei  of  falitonaL  In 
of  North  Walea  and  of  Sonth-Sart  Irdand  great  nuneea  offUaton^ 
dnd  feet  thi<^  intentiatified  with  the  day-aktei,  ara^  like  them,  apUt 
)yatraetiansTei»ealatydea¥age,andare  thennndiitii^piiwhaHebyany 
ancter  from  slaty  pbonolitea. 

frite- — Under  this  tenn  may  be  included  tbo^  tnppean  rocks  which 
.  base  of  plagioclase  felspar  (oligoclase),  nsnally  with  crystals  of  the  same 
ittered  through  the  base,  and  with  a  variable  admiztore  of  honiblende, 
times  augite,  and  very  rarely  quarti:  Porphyrite  varies  in  colour,  from 
r  white  tfajt>Qgh  nomerons  shades  of  red,  lilac,  and  pniple,  to  dark-brown 
ek.  The  dark  tints  are  most  frequent.  The  texture  is  commonly  very 
ifU  usually  more  or  less  porphyritic,  and  frequently  amygdaloidaL 
reathering,  masses  of  porphyrite  have  often  a  crumbling  exterior,  and 
i  fresh  fracture  at  some  distance  from  the  suifsoe.  Streng  gives  the 
oalysis  of  a  porphyrite  from  near  Ilfeld :  t 

SUica 61-97 


Alumina 

•                        •                        fl 

16-27 

Oxide  of  iron  and 

manganese  . 

7-66 

Lime  . 

1-38 

Magnesia 

2-71 

Potash 

4-04 

Soda  . 

2-55 

Loss  by  ignition 

8-45 

Carbonic  add  . 

104 

Specific  gravity,  2*66. 


100-97 


ivides  porphyrite  into  three  groups  :  1st,  FeLapar^porphyriU  or  nUgo- 
/ritef  consisting  wholly  or  almost  wholly  of  felspar.  2d,  HorMend^ 
where  crystals  of  hornblende  become  conspicuous.  8d,  MiMrporfkyriU, 
plates  of  mica.  The  same  author  remarks  that  the  chief  eruptions  of 
appear  to  have  taken  place  between  the  period  of  the  Devonian  and 
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Zechstein  formations.  *  In  Great  Britain,  however,  the  Devonian  period 
peculiarly  rich  in  porph3rrite'eniptiou8.  The  broad  central  valley  of  Scotlaiid  if 
traverseil  by  long  ranges  of  hills  which  are  made  up  of  the  porphyrites,  tuffs,  tmi 
conglomerates  of  the  Lower  Old  Red  Sandntone, — for  example,  tlie  Oi'hil,  Sidlai^ 
Pentlaiid,  and  Up|)er  Nithsdale  Hills.  In  the  same  re^on  several  hundred  sqnm 
miles  are  covered  by  terraced  hills  of  jjorphyrite  erupted  during  the  earlier  part  rf 
the  carboniferous  period.  It  is  possible  that  some  of  the  igneous  rocks  of  the 
Lower  Silurian  series  in  Wales  are  referable  to  ])orph}Tite.  Rocks  which  appear  to 
range  between  XH)r|)li>'rite  and  melaphyre  occur  in  various  parts  of  the  carbon- 
iferous limestone  districts  of  Ireland. 

Keraanton  Is  a  fonn  of  mica-porphyrite,  having  a  greenish  or  grey  base,  in 
which  occur  hexagonal  plates  of  mica,  and  with  the  felspar  (oligoclase)  sometimei 
in  distinct  crystals. 

KermntiU  is  also  a  variety  of  mica-porphyrite,  in  which  a  little  hombleDde 
occurs,  and  which  is  often  marked  by  a  fissile  or  a  por])hyritic  texture,  f 

2.  Greenstones  or  Hornblendic  Traps. 

Greenstone  is  an  old  name  for  a  numerous  and  important  class  of  . 
^.rappean  rocks,  which  consist  essentially  of  a  crystalline  mixture  of  aoma 
plagioclase  fels])ar  with  hornblende  or  augite.  Such  rocks  abound 
among  the  palaeozoic  and  older  secondary  formations.  In  most  caM 
they  are  probably  igneous  rooks  in  the  true  sense  of  the  word,  and  som^ 
times  indeed  of  volcanic  origin.  But  sometimes  they  are  so  associated 
with  metamoi-phic  products  that  they  api>ear  to  be  also  due  to  metft- 
morphism. 

Tlie  felspar  of  greenstones  is  commonly  oligoclase,  but  labradorite,  anorthiti^  . 
or  some  more  basic  variety  than  oligoclase,  sometimes  occurs.  In  some  of  the  rate 
which  come  under  this  head,  augite  or  hypersthene,  or  some  similar  niinenl,  ii 
substituted  for  hornblende.  Mica,  of  a  dark  brown  colour,  sometimes  occnn  (•■ 
in  some  of  the  Wicklow  greenstones)  either  in  distinct  plates,  or  as  coating  thi 
suriuces  of  small  crevices  or  those  of  the  other  crystals. 

M.  Delesse  says  that  many  rocks  hitherto  classed  as  greenstone  contain  bo 
hornblende,  their  green  colour  Wing  the  result  of  the  greenness  of  some  of  thn 
felspar  composing  them.  B.  Von  Cotta  remarks  that  their  green  colour  is  often 
due  to  the  presence  of  chlorite  in  small  quantity  and  indistinct  condition. 

Greenstone,  like  felstone,  becomes  sometimes  porphyritic,  in  consequence  of 
one  or  other  of  its  constituents  forming  distinct  crystals  in  a  compact  mixture  of 
the  rest,  or  larger  disseminated  crystals  in  a  tine-grained  crystalline  base.  When 
the  greenstone  is  quite  compact  and  dark  coloured,  it  is  not,  perhaps,  always  euy 
to  distinguish  it  from  basalt  by  any  external  characters.  On  breaking  oj>en  the 
weathered  part  of  a  greenst*.»ne  and  testing  it  with  acid,  it  almost  invariably  effeP" 
vesces  along  the  inner  bonier  of  the  weathered  portion.  Many  greenstones,  «1«<^ 
even  when  apparently  unweathered,  effervesce  with  acids  along  the  minute  cracb 
and  pores  in  the  mass. 

Diorite  consists  of  a  mixture  of  felspar  (believed  to  be  usually  oligoclase)  and 
hornblende,  varying  in  texture  from  a  line-graine<l  compact  rock,  in  which  th* 
crystalline  state  of  the  muierals  is  barely  discernible  with  a  lens,  to  a  coareelT 
crystalline  aggregate.     Its  colour  is  generally  a  dull  green,  varying  from  light  ^ 

*  Petrographie,  Bd.  IL  p.  34. 

/  See  a  paper  and  analyses  of  some  micaceous  trap-rocks  from  Wicklow  by  Dr.  Hau^itof^* 
2yntu.  S.  L  Acad,  xzUL  p.  619. 
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M^^  aometimes  almost  black.  In  some  irarietiei,  on  the  other  hand,  where 
^"^  is  very  white  and  in  great  quantity,  the  rock  might  be  described  as 
•jpwckled  with  dark  green  spots.  It  weathers  to  a  dull  dark-coloured  brown, 
^fettered  blocks  being  generally  massive  and  well  rounded,  and  in  our  lati- 
^^oorpred  with  patches  of  white  lichen, 
'^■^oefaer  giyes  the  following  as  the  composition  of  Diorite  : — 


Maximum. 

Minimum. 

Mean. 

^ca    . 

60 

48 

53-2 

Alnmina 

20 

13 

16  0 

Potash  . 

2 

0-5 

1-8 

Soda     . 

3 

1 

2-2 

lime 

9 

3 

6-3 

Magnesia 

10 

2 

60 

Oxides  of  iron  and 

manganese    20 

10 

140 

Loss  by  ignition 

2 

0 

10 

100-0 
Specific  grsTtty,  maximnm  3*20,  minimum  2*80,  mean  2*95. 

some  Tarieties  of  Diorite,  described  by  Continental  petrographers,  free  quartz 
(» and  these  are  paralleled  with  the  quartziferous  porphyries  among  the  ortho- 
locks.  Other  varieties  are  disttnguished  by  abundance  of  mica  {micaeeoua 
et)  or  of  hornblende.  The  orbicular  diorite  of  CorsicA  {NapoUonitCj  Cornie 
niean  QraniU)  is  a  granular  compound  of  anorthite,  hornblende,  and  a  little 
Si  having  a  spheroidal  texture,  which  gives  the  rock  the  appearance  of  being 
of  to  aggregate  of  well-rouDded  balls. 

^iallage-Bock  {Euphottde,  (Jabbro^  SerpentiniU,  NorUe,  Oramtone)^  a  coarse 
M  gruned  rock,  generally  of  a  palish  green,  or  grey,  but  sometimes  olive  or 
M«b-brown  colour,  with  sometimes  a  granitic,  sometimes  a  porphyritic  look. 
I  composed  of  labradorite  and  diallage.  The  labradorite  is  sometimes  of  the 
^y  called  Baussurite,  and  the  diallage  of  the  variety  called  smoragdite,  differ- 
■  »hich  aflfect  only  the  lustre  or  colour  of  the  rock. 

J^i»llage-rock  occurs  in  different  parts  of  Britain  associated  with  metamorphic 
Bi  as  along  the  south  coa.st  of  Ayrshire,  and  is  probably,  at  least  in  some  coses, 
IfiMtamorphic. 


Diallage-rock  contains           Maximum. 

Minimum. 

Mean. 

SUica        ...             54 

45 

490 

Alumina    ...             17 

12 

150 

Pota.sh      ...               1 

0 

0-3 

Soda         ...               4 

0-5 

2-5 

Lime         ...             14 

6 

9-5 

Magnesia  ...             15 

7 

9-7 

Glides  of  iron  and  manganese         14 

8 

11-5 

Loss  by  ignition    .                            6 

1 

2-5 

100  0 
Specific  gravity,  maximum  3  "10,  minimum  2*85,  mean  2'96. 

rpersthene-Bock  (Hypersthenite,  Hyperite)  is  a  mixture  of  labradorite  and 
thene,  sometimes  fine  grained,  sometimes  excessively  coarse,  as  in  St. 
's  Bay,  Newfoundland,  where  I  have  myself  seen  the  rock ;  and  where  it 
e  of  the  two  minerals  in  crystals  as  large  as  the  fist.  The  hyi^rsthene  is 
rown,  inclining  to  black,  and  the  labradorite  is  green,  with  glancing  shades 
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of  blm  and  red.    When  fine  grained,  the  rock  rewrnhhs 
dark  bfotwnuh-fereen,  or  a  paie  gieeu,  aocording  to 


aOka 

56 

48 

51-8 

Alumina   . 

16 

U 

14-5 

Potaah 

1 

0 

0^ 

S 

1 

2D 

Lima 

9 

5 

7-6 

Magneaia  . 

14 

« 

9-« 

Oudea  of  iron  and  manganese 

19 

8 

14-0 

L(MB  by  ignition    . 

1 

0 

0-6 

100-0 
Specitk  graTity,  maximnnif  3*10,  minimmn  2*85,  mean,  2*95. 

Hypemthene-roek  is  frequently  associated  with  metamorphic  rocks  in  md 
wn J  aa  to  singgvst  that  in  these  cases,  as  with  diarite  and  diallage-rock,  it  may  it 
hare  a  metamorphic  origin.* 

Mttlapbyr*.— This  name  haa  been  applied  by  Continental  petrographen  X 
many  different  rocks  that  it  has  become  a  aonrce  of  confusion,  and  it?  use  in 
ooontry  would  reiiuire  to  be  qualified  with  the  name  of  the  author  whose  defini 
might  be  employed.  Senft's  description  of  the  rock  is  the  following : — An  ii 
tlnctly  mixed  n>ck«  of  dirty  greenish-bmwn,  or  reddish-grey,  or  grvenish  bi 
brown,  paMing  to  a  completely  black  colour,  hard  and  tough  in  the  fresh  $ta 
in  which  ap^war  crystals  of  reddish-gray  labradorite,  with  nu^etic  titanife 
iron,  and  commonly  with  some  carbonate  of  lime,  carbonate  of  iron,  and  f< 
ginons  chlorite  (deleeaite),  sometimes  in  crystalline  grains,  sometimes  compa< 
earthy,  sometimes  porphyritic  or  amygdaloidaL  According  to  Xaumann,  it 
clo8e-graine«i  nnrk,  very  often  amygdaloidal,  and  composed  essentially  of  b 
dorite,  with  an  undet«>nnine«l  silicate,  some  titaniferous  iron,  carbonate  of 
and  of  iron,  also  occasi<mally  crystal.H  of  augite,  rubellan,  and  micaaf  Zir 
definition  ia  a  usually  crypto-crystalline,  sometimes  porphyritic,  and  ab$o 
often  amygdaloidal  rook,  ct)nsisting  of  a  mixture  of  oligoclase  and  augite 
magnetic  iron.^  According  to  Durocher,  the  composition  of  melaphyre  is  foun 
analyais  to  be  the  following  : — 


Maxininm. 

Minimum. 

Mean. 

Silica    . 

55 

49 

52*2 

Alumina 

25 

18 

21-6 

Potash. 

S 

0 

1-5 

Soda     .            .            .            . 

6 

2 

4-0 

Lime     .            .             .             , 

8 

4 

6-2 

Magnesia 

5 

8 

4-0 

12 

5 

90 

Loas  by  ignition 

3 

1 

1-5 

100-0 
specific  gravity,  maximum  2*95,  minimum  2*75,  mean  2-85. 

It  is  probable  that  many  of  the  dark  compact  heavy  rocks  of  igneous  oi 
which  occur  among  the  later  i>al(eozoic  rocks  of  Britain,  come  under  one  or  i 
of  the  definitions  of  melaphyre.  Such  rocks  are  found  in  the  carboniferous  fo 
tions  of  Scotland  and  Ireland,  and  they  seem  to  occur  also  among  the  so-c 
New  Red  Sandstone  of  Devonshire.     If  we  take  the  composition  of  melaphy 

*  Bee  JVom,  Aoy.  So9*  XUin,  vol.  zziL  p.  633,  note, 
f  IcM^cA,  1.  687.  X  Ukrbmdi  dtr  FttrogmphU,  iL  SJ 
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vntiaHy  a  mixture  of  labndorite  and  augite  (or  an  allied  silicate),  with 
iroui  or  magnetic  iron,  there  is  no  radical  mineralogical  difference  between 
rock  and  dolerite.  Indeed,  there  seems  now  to  be  a  growing  tendency 
petrographers  to  retain  the  name  melaphjre  as  a  geological  term  for  all 
■'  rucks  of  palsBosoic  age.  The  utility,  however,  of  introducing  strati- 
ti  distinctions  into  the  naming  of  rocks  which  do  not  differ  petrographic- 
r  be  questioned.  It  is  natural  that  a  rock  erupted  in  palseozoic  times 
are  undergone,  from  infiltration  or  otherwise,  more  internal  change  than  a 
ock  of  tertiary  age ;  but  it  may  be  doubted  whether  this  change  (unless 
rried  to  an  extreme)  necessitates  a  difference  of  name, 
ase.— This  name  is  given  by  German  petrographers  to  a  crystaUine- 
miztore  of  labradorite  (or  oligoclase)  and  augite  (or  hypersthene),  with 
ind  sometimes  with  an  impregnation  of  carbonate  of  lime.  Bocks  of  this 
occur  through  the  Silurian,  Devonian,  and  Carboniferous  systems  of 
*  A  coarse-grained  diabase  from  near  Christiania,  analysed  by  Kjerulf,t 
'ollowing  composition : — 


Silica 

» 

5014 

Alumina 

• 

16-43 

Protoxyde  of  Iron 

12-79 

lame 

6-49 

Magnesia 

4-36 

Potash 

1-64 

Soda 

4-56 

Water 

1                         ■ 

2-40 

Carbonic  acid 

0-36 

9907 


Specific  gravity,  27  to  2*9. 


1«>ritic  ingredient  In  diabase,  as  well  as  the  occurrence  of  carbonate  of 
a>*ly  indicates  that  the  rock  has  undergone  more  or  less  alteration.  The 
T^iice  of  cljlorite  therefore  seems  hardly  to  justify  the  retention  of  a  special 
'*:-ckr^  inrhich  do  not  differ  essentially  from  many  so-called  raelaphyres. 
Qite  is  a  name  given  to  the  more  compact  close-grained  varieties  of 
By  some  authors  it  is  restricted  to  the  dioritic  rocks,  by  others  it  is 
ilsr.  to  the  compact  diabases.  Where  the  texture  of  the  rock  is  so  fine 
sv  of  a  lens  does  not  enable  us  to  determine  the  component  minerals,  it  is 

«ii.«tingui.sh  between  the  close-grained  extremes  of  diorite  and  of  diabase. 
.<«s  t>ie  term  aphanite  may  be  used  as  a  provisional  name  until  the  true 
m  f»f  the  rr>ck  is  ascertained.  Some  varieties  of  aphanite  contain  abundant 
ar>»f»nate  of  lime,  or  carlwnate  of  magnesia  {Caleaphanite)t  in  others  the 
'i  into  larger  kernels  composed  of  felspar  or  of  pistacite  ( VarioliU).  It 
e  tliat  many  of  such  varieties  should  be  classed  with  the  tuffs, 
e.— This  name  is  given  by  German  petrographers  to  decomposed  forms 
jToeous  ri>ok8,  usually  to  members  of  the  doleritic  group.  Basalt  and 
nd  to  weather  into  a  dull  yellowish  or  brownish  mass,  which  varies  from 

texture,  giving  a  shining  streak,  down  to  mere  loose  earth. 

/9.  Fragmental. 

he  volcanic  rocks  consist  partly  of  materials  ejected  as  dust, 
1  stones,  subsequently  more  or  less  consolidated,  so  the  trap- 
is,  many  of  which  are  merely  volcanic  rocks  of  older  geological 

UutiJUxaion,  der  FeUarten,  Tabel  I.  t  ChrittianiaSUurbtcktn,  26  (1865). 
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date,  have  likewise  such  mecbanically-fonned  masses  in  their  series 
The  Fragmental  Trappean  Rocks  are  those  which  have  resulted  from  the 
deposition  and  consolidation  of  ancient  volcanic  detritus.  This  detritw 
has  evidently  in  many  cases  been  ejected  in  the  form  of  dust  and  gnvd* 
with  large  blocks  or  bombs,  just  as  similar  materials  are  still  vomited 
by  modem  volcanoes.  Falling  into  water,  and  there  re-arranged,  the 
detritus  has  been  consolidated  into  beds  of  rock,  which  vary  in  thick* 
ness  from  less  than  an  inch  up  to  several  hundred  feet  In  other  cum 
it  is  probable  that  the  detritus  has  been  derived  from  the  graditil 
degradation  (by  atmos|)heric  and  aqueous  agencies)  of  previously^ 
formed  crystalline  trappean  rocks.  It  is  sometimes  difficult  or  impot- 
sible  to  distinguish  between  these  two  modes  of  formation.  Where  wt  . 
find  a  bed  or  series  of  beds  composed  of  finely-comminuted  trappeill 
materials,  with  here  and  there  a  rounded  bomb  of  some  trap  rock,  or  t 
large  angular  block  of  trap  or  of  sandstone,  shale,  slate,  limestone,  or  other 
stratified  rock,  we  may  with  considerable  certainty  affirm  that  we  haw 
before  us  a  deposit  of  ancient  volcanic  ash  and  stones.  Where,  on  tliA 
other  hand,  we  meet  with  a  rock  composed  of  finely-triturated  trappean 
detritus,  but  with  numerous  well-rounded  and  evidently  water-wom 
stones,  we  may  conclude  that  in  such  a  mass  we  see  a  deposit  resuUiqg 
from  the  waste  of  pre-existing  trappean  rocks,  after  the  manner  in  which 
sandstones,  shales,  and  conglomerates  are  formed. 

The  Fragmental  Trappean  Rocks  are  divided  into  the  following 
groups  : — Tuff  or  Trap-tuff,  Trappean  Breccia  and  Conglomerate,  Tap- 
pean  Agglomerate. 

Tuff,  Trap-tuff.* — Under  this  term  are  comprehended  all  the  finer^raiMd 
varieties.  These  range  in  texture  from  a  very  close  grain,  resembling  that  of  some 
of  the  more  compact  crystalline  trap-rocks,  up  to  tliat  of  a  coarse  graveL  TiM 
coarser  varieties,  when  their  component  detritus  is  angular,  pass  into  trappatt- 
breccia ;  when  it  is  rounded,  into  trappean-conglomerate.  Trap-tuff  is  luiiuQf  , 
well  stratified  ;  where  it  is  not  so,  but  consists  of  a  tumultuously-assorted  lous  of 
volcanic  detritus,  it  passes  into  trappean-agglomerate. 

Trap-tiiff  in  subilivided  according  to  the  nature  of  the  rock  of  which  its  btn 
or  its  component  fragments  are  composed. 

FeUtone-tuff. — The  fclstoues  of  Wales  are  accompanied  with  varioiis  ftig* 
mental  rocks.  One  of  the  characteristic  varieties  is  a  rather  coarse-grained  flaky 
rock,  with  little  nodular  grains  enveloped  in  the  flakes.  It  is  generally  of  a  pais 
green,  pale  grey,  or  white  colour.  It  has  often  a  soapy  feel  to  the  touch,  ■od 
might  be  then  called  chlorite-schist  by  many  persons.t    The  tiakes  may  sometimet 

*  The  term  ash  has  been  very  generally  used  in  England  for  this  group  of  rocks.  TIN 
word,  however,  is  in  several  respects  objectionable,  and  should  be  disused  in  fkvoor  of  tht 
older  term  in  the  text. 

t  It  is  evident  that  many  of  the  paleozoic  tuffs  have  undergone  roetamorphinn,  and  ut 
now  considerably  changed  from  their  original  condition.  Some  of  these  altered  varietta 
are  homblendic,  and  pass  into  a  kind  of  hornblende-slate.  It  is  qnite  possible  that  mmdm 
of  the  hornblende-  and  actinollte-schists  interbedded  among  gneiss  and  other  metamoipiill 
.rocks,  may  be  altered  tu£Bi. 
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■  OPT  Mfciwlly  Ip  W 
rTpto-eryitaUiBa  tnip«oeki»  likewin  oeans  li  kk^baut^MM  rmj 
t  is  not  alvsyi  tmj  to  detennlBe  wbctker  the  aodiikr  rock  vat 
n  tnp  or  a  tnlll  The  nodules  Tiry  fiom  the  tSm  of  note  to  Unt 
e  sometimes  still  biger,  and  the  whole  mass  of  the  rock  made  op 

f.— The  porphyrites  of  the  Old  Bed  Sandstone  and  Carhoiiiferovs 
otland  are  abundantly  associated  with  tnffii  made  up  of  their 
tuffis  Tary  of  comae  in  character  with  the  nature  of  the  rock  from 
been  formed.  Theyare  nsnally  dull,  granolar,  stratified,  Tarying 
rhite  throng  many  shades  ot  yellow,  red,  and  lilac,  to  dark 

f  (DiaboM'tuf). — ^Under  this  term  are  indnded  the  tnfft  which 
inly  of  a  eomminnted  paste  of  some  Tariety  of  the  greenstones, 
f  dull  and  earthy  in  teztnre,  often  granolar,  passing  into  line 
1  hare  a  prerailing  dirty  green  ooloar. 

es  are  to  be  found  in  IrelaDd,in  the  parts  examined  by  the  Geolo- 
ecially  in  the  ooonty  Limerick,  f  of  tolls  deriTod  from  some  basie 
y  vary  from  the  finest  grained,  almost  porcellanic-looking  rock  of 
dull  purj^  colour,  through  erery  gradation  ci  texture,  up  to 
nglomerates.  The  fragments  and  pebbles  in  these  trappean 
T  portions  of  trap,  or  fragmente  of  limestones,  sometimes  of  soma 
it,  and  they  form  great  beds,  sereral  hundred  feet  thick,  intep> 
Mis  of  carboniferous  limestone,  and  surrounding  bosses  of  trq^ 
:  widely-spread  sheete  of  trap  also  extend  for  many  miles.  Soma 
s,  with  pebbles  of  carboniferous  limestone,  forcibly  reminded  ma 


k»s  of  the  tolb  of  Wales  see  Professor  BamsaT's  meoMlr  oa  K.Wales 
voL  ilL) ;  also,  Cataiogne  qf  Bock  Sptckmnu  i%  /frmya  flIrMi  Mimum, 

ioBS  to  Sheeta  143, 144, 168, 164  of  the  CWo^terf  flanPir  af /»*^  ■»* 

in  Head,  eoonty Cork, is  a  ellff  of  greenstone^at; In whtoh  enj^l»of 
Inches  wide,  hsTs  been  seen.   They  are  dull  and  wotn  extenaUy,  but 
rf(^  and  i^lstenifig. 
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of  the  volcanic  ashes  in  Darnley  and  Murray  Islands,  in  Torres  Straits,  in  wUeh 
pebbles  of  coral  limestone  were  included  together  with  pebbles  of  the  laya-flofvs 
of  which  the  islands  were  partly  composed. 

Some  of  the  greenstone-tuffs  and  breccias  in  the  carboniferous  rocks  of  Liom> 
rick,  as  abo  in  the  older  Silurian  rocks  of  the  county  Wicklow,  contain  fragmenfti 
of  vesicular  greenstone  such  as  is  not  known  in  situ  anywhere  in  the  nei^bosr- 
hood.  It  is  probable  that  these  scoriaceous  fragments  are  derived  fh>m  the  uppv 
surface  of  the  old  trap-stream  when  first  poured  out,  that  upper  surface  having 
been  destroyed  and  swept  away  before  the  lower  part  of  the  trap  was  covered  Iqr 
the  deposition  of  the  aqueous  rock  over  it.  These  scoriaceous  pebbles  are  interest- 
ing, therefore,  as  the  only  relics  of  a  former  vesicular  and  almost  pumioeoai 
covering,  which  would  assimilate  the  old  trappean  flows  with  those  of  recent  vol- 
canoes. 

Throughout  the  carboniferous  formation  of  the  midland  valley  of  Scotland,  then 
occurs  a  vast  quantity  of  trap-tuff  interstratified  with  the  ordinary  sedimentaiy 
rocks.  This  tuff  has  a  prevalent  greenish  colour,  and  is  made  up  of  a  pasted 
abraded  doleritic  (raelaphyre)  rocks,  with  fragments  of  these  rocks,  and  of  shales 
sandstone,  limestone,  etc.  It  is  usually  well  stratified.  In  texture  it  varies  tnm 
a  fine-grained  rock  like  a  compact  sandstone  up  to  a  coarse  gravelly  admiztnie  of 
trappean  rocks,  which  passes  into  trappean  conglomerate.  Rounded  bombs  of 
doleritic  trap  frequently  occur  even  among  the  finer-grained  strata.  GradatioBi 
occur  everywhere  of  these  tuffs  into  the  sandstones,  shales,  or  limestones,  lyiag 
above  them.  In  the  tuffs  fossil  shells  and  plants  frequently  occur,  and  ooea- 
sionally  a  seam  of  coal  is  found  among  a  series  of  beds  of  tuff.  A  marked  featurs 
of  these  rocks  is  the  limited  area  over  which  each  bed  or  group  of  beds  of  tuff 
usually  extends.  It  appears  that  during  the  carboniferous  period  the  midland 
valley  of  Scotland  was  dotted  over  with  hundreds  of  little  volcanic  orifices,  fron 
which  showers  of  volcanic  dust  and  small  coulees  of  dolerite  were  emitted,  f 

Schalstein. — German  petrographical  literature  abounds  in  descriptions  of  this 
rock,  which  presents  so  many  various  characters  in  different  districts  that  it  ii 
somewhat  difficult  to  give  one  generally  applicable  definition.  In  colour  it  rangee 
through  shades  of  grey,  green,  and  yellow,  to  red  and  brown,  but  is  usually  varie> 
gated.  It  is  impregnated  with  carbonate  of  lime,  has  a  compact,  eaithy,  or 
fissile  texture,  and  contains  fiat  pieces  of  clay-slate,  or  other  rock,  occasi(Hial 
crystals  and  grains  of  felspar,  abundant  roundish  grains  of  calc-spar,  which 
mineral  occurs  also  in  nests,  and  veinings  through  the  rock.^  According  to  Ziricel, 
some  schalsteins  appear  to  have  been  originally  forms  of  greenstone-tuff  subse- 
quently altered ;  others  to  have  been  derived  from  the  degradation  of  day- 
slate.  § 

Another  variety  of  trap-tuff  occurs  in  the  form  of  a  red  earth  between  beds  d 
dolerite  or  basalt.  Examples  occur  among  the  carboniferous  trap-rocks  of  tiie 
basin  of  the  Forth,  and  on  a  much  more  extensive  scale  among  the  miocene  volcanic 
rocks  of  Antrim  and  the  Inner  Hebrides.  Every  visitor  to  the  Giants*  Causeway 
has  noticed  the  horizontal  red  bands  which  there  run  along  the  face  of  the  cUIEb. 
These  are  known  locally  as  '*  red  ochre."  They  are  undoubtedly  beds  of  tuff,  the 
result  of  the  deposition  of  volcanic  dust  ejected  during  the  formation  of  the  greal 
basaltic  plateau.  They  consist  of  pinkish  and  yellowish  trappean  powder,  en* 
closing  angular  fragments  of  minutely  vesicular  trap,  and  containing  in  some  plaoei 

*  See  paper  on  Igneous  Rocks  of  Arklow  Head  {Journal  Gtol.  Soc.  Dub.f  vol.  viii.  p.  23) 
*    t  For  descriptions  of  these  tuflh  see  i>apere  by  Mr.  Oeikie  in  the  Memoirs  of  the  Oeologica 
Survey  of  Scotland ;  Geology  of  Edinburgh,  chaps,  iv.-viii. ;  Geology  c/Btut  Lothian^  chap.  v. 
also  TVtiiu.  Buy.  Soc  Bdin,,  voL  xxii.  p.  046  el  $eq. ;  Geological  MagaHne,  vol.  i.  p.  22. 

t  Zirkel,  Petrognpki€f  Band.  ii.  &S6. 
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m1  pisolitic  baematite.  In  other  instances  they  pass  into  a  brown 
clay,  bat  they  are  all  the  contemporaneous  accompaniments  of  the 
hich  the  basaltic  flows  proceeded,  and  the  more  minutely  vesicular 
»ntain  are  the  more  frothy  parts  of  those  flows,  either  blown  from 
falling  into  the  sea,  or  swept  from  their  surface  immediately  on 

Conglomerate,  Trappean-Brecoia. — ^When  a  rock  consists 
ments  of  one  or  moro  varieties  of  trap-rocks  imbedded  in  a 
e  materials,  it  is  called  a  Trappean-  (or  Trap-)  Conglomerate.  When 
jistead  of  being  round,  are  angular,  the  rock  is  a  Trappean-  (or 

Such  rocks  pass  naturally  into  Trap-toff.  They  occur  as  beds 
th  or  resting  upon  the  cryistalline  traps.  They  may  be  subdivided, 
cording  to  the  nature  of  the  materials  of  which  they  are  composed. 
rreenstone-Conglomerate  and  Greenstone-Breccia,  Felstone-Conglo- 
ccia,  Porphyrite-Conglomerate  and  Breccia,  and  so  on.  In  some 
certain  that  the  detritus  of  which  these  rocks  consist  was  actually 

materials  from  volcanic  oriflces,  and  that  it  fell  into  water  and 
re.  In  other  cases  we  have  proof  that  the  conglomerate  was  formed 
action  of  waves  upon  exposed  masses  of  trap-rock.  It  sometimes 
;r,  that  we  cannot  absolutely  decide  in  which  of  these  two  ways  a 
serate  has  been  formed,  or  whether  both  processes  may  not  have 

Agglomerate  (voloaalo  agglomerate). — ^This  name  has  been 
eikie  to  unstratified,  pell-mell  agglomerations  of  coarse  volcanic 
e  found  occupying  the  pipes  of  old  volcanic  orifices.  The  debris 
arse  irregular  gravelly  paste,  through  which  are  abundantly  seat- 
ed rounded  pieces  of  porphyrite,  melaphyre,  etc.,  with  fragments 
ing  stratified  rocks.  The  agglomerate  occurs  in  masses  having  a 
lape  at  the  surface,  from  which  they  descend  vertically  as  "  necks." 
:k8,"  each  representing  the  vent  of  a  former  volcano,  rise  through 
l-fields,  particularly  in  Ayrshircf 

•eceding  descriptions  of  the  volcanic  and  trappean  rocks 
nt  of  them  has  been  given  as  may,  it  is  hoped,  enable  the 
entify  the  more  marked  varieties.  It  will  ordinarily  be 
lim  to  determine  in  the  field  whether  the  rock  is  a  crys- 
gmental  one  ;  if  it  is  a  lava,  whether  it  be  a  trachyte 
ava  on  the  one  band,  or  a  dolerite  or  basic  lava  on  the 
imilarly  among  the  traps,  whether  it  be  a  felspatbic  trap 
porphyrite),  or  a  basic  trap  or  greenstone.  The  varieties 
fhould  be  distinguished  of  course  on  the  spot,  where  that 
ut  in  many  cases  they  have  to  be  left  undistinguished 
cimens  come  to  be  arranged  in  the  cabinet  of  classified 
they  have  been  submitted  to  the  more  exact  metbods 
and  microscopic  examination  which  cannot  be  pursued 


r  red  earth  often  found  between  two  lava-flows  seem  to  be  the  soil  formed 
)8ed  lower  lava,  and  subsequently  burnt  by  the  heat  of  the  upper  flow. 
'Jeol.  Mag.,  vol.  Ui.  p.  243  ;  Memoin  cf  Gtol  Surrey,  ScoOand,  ExptamUUm 
loffue  of  Bock  Specimtru  in  Edinburgh  MuMum,  p.  88. 
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It  lias  been  once  or  twice  pointed  oat  in  the  preceding  pages  tbaft 
the  volcanic  and  trappean  rocks  are  readily  divisible  into  two  senei, 
according  to  the  relative  proportions  of  the  acid  (silica),  and  the  eaiihy 
and  alkaline  bases  which  enter  into  their  composition.  The  siliceoiis 
lavas  or  trachytes  consist  of  the  most  highly  silicated  felspars,  and 
some  of  their  varieties  exhibit  quartz  in  consequence  of  having  more 
silica  than  could  be  absorbed  by  their  basic  constituents.  In  the 
siliceous  traps  or  felstones  this  is  always  the  case,  and  the  rock  consists 
of  a  mixture  of  highly  silicated  felspar,  with  uncombined  silica  or 
quartz.  It  would  obviously  be  most  unlikely  that  the  more  basic 
felspars,  such  as  labradorite,  should  have  been  produced  in  such 
rocks. 

In  unaltered  felstones  the  quartz,  although  existent,  rarely  becomes 
visible,  and  then  appears  usutdly  in  detached  globular  particles  scat- 
tered in  the  mass.  In  the  felstone  and  trachjrtic  porphyries,  indeed, 
quartz  is  said  sometimes  to  occur  in  perfect  crystals  of  double  pjm- 
mids,*  but  this  must  be  looked  on  as  an  exception  to  the  general  rale, 
unless  in  the  felstones  which  are  associated  with  metamorphic  rocks, 
and  have  themselves  been  metamorphosed. 

In  all  the  granitic  rocks,  on  the  other  hand,  quartz  is  not  only 
present,  but  visible,  the  existence  of  crystalline  particles  of  quartz, 
intertangled  with  the  crystalline  particles  of  the  other  minerals,  being 
their  most  essential  character.  It  is,  however,  remarkable  that  quartz 
rarely  forms  perfect  crystals  in  granite,  whereas  the  felspathic  in- 
gredients frequently  do  so,  and  the  micaceous  not  unfrequently.  The 
felspars,  orthoclase,  albite,  or  oligoclase,  were  thus  solidified  previously 
to  the  quartz,  an  anomaly  to  be  explained  perhaps  by  the  fact  of  a  dif- 
ference between  the  point  of  fusion  and  the  point  of  solidification  in 
the  minerals,  and  by  the  protracted  viscosity  of  the  quartz.  Tins 
may  be  owing  to  the  slow  refrigeration  of  the  mass,  allowing  the 
highly  siliceous  minerals  to  crystallise  in  a  magma  of  silica,  while 
the  more  rapid  cooling  of  the  porphyries  and  trachytes  produced 
a  mixed  felspathic  paste  only,  in  which  some  crystals  of  quartz  were 
generated. 

Granite  then  may  be  looked  upon  as  the  original  rock  from  which 
the  purely  felspathic  or  highly  silicated  traps  and  lavas  have  proceeded 
directly,  the  differences  between  them  being  due  rather  to  the  circum- 
stances under  which  they  have  been  cooled  and  consolidated,  than  to 

*  Baron  Ricbtofen,  Prooud.  Imp,  0€ol.  IntL  Vienna,  March  15, 1809,  as  abstracted  .in 
GeoL  Journal,  roL  xr. 


GRANITE.  121 

inj  essential  distmction  in  their  ingredients.  It  is  more  a  difference 
of  texture  than  of  composition.  Granite,  however,  might  be  regarded 
m  the  onginal  mass  of  even  the  more  basic  traps  and  lavas,  if  we 
eoooeive  that  to  an  original  molten  mass  of  granite  a  quantity  of  the 
more  fusible  bases  was  in  some  way  added. 

There  is  now  a  growing  opinion  among  geologists  that  granite  is  in 
XDinj  eases  a  metamorphic  rock,  that  is  to  say,  that  it  has  been  formed 
bj  the  nutamcrphUm  or  alteration  of  a  pre-existing  mass  of  stratified 
iDck  such  as  sandstones  and  greywackes.  It  is  here  described  among 
the  igneoui*  rocks,  but  reference  will  be  made  to  its  metamorphic  rela- 
tions in  Chapter  XIL,  and  in  the  section  of  this  Manual  where  Meta- 
DKHphism  is  described. 

Granite. — True  Granite,  in  its  ordinary  form,  is  one  of  the  most  easily  de- 
■ribed  and  certainly  recognised  of  all  rocks.  It  is  a  fine  or  coarse  grained  crys- 
taUine  aggregate  of  the  three  minerals  felspar,  mica,  and  quartz.  Its  name  is 
flooetimea  said  to  be  derived  from  its  granular  structure,  but  Jameson  derives  it 
fram  **  geraniteM^**  a  term  used  by  Pliny  to  designate  a  particular  kind  of  stone. 
Ordinary  granite  varies  according  to  the  composition  of  the  felspar  and  mica  com- 
ponsg  it,  according  to  the  relative  proportions  of  those  minerals  to  each  other 
Slid  to  the  quartz,  and  according  to  the  size  of  the  crystals,  and  the  state  of  aggre- 
gation of  the  several  constituents. 

The  felspar  of  granite  \&  usually  orthoclase,  frequently  flesh-coloured,  some- 
times white  ;  but  oligoclase  also  frequently  occurs  having  a  greenish  or  greyish- 
vhite  colour,  and  recognisable  from  the  orthoclase  by  its  fine  parallel  striations. 
Albite  is  found  more  rarely.*  The  mica  of  granite  varies  greatly  in  colour  and 
lufrtre,  the  silvery  white  or  golden  yellow  varieties  being  usually  potash-mica,  the 
brown  and  black  varieties  magnesia-mica.  The  quartz  is  commonly  colourless  or 
vfaxie,  but  fK>metimes  dark-grey  or  brown. 

The  proportions  of  the  three  constituents  vary  indefinitely,  with  this  limita- 
tion, that  the  felspar  is  always  an  essential  ingredient,  and  never  forms  less  than 
A  third,  rarely  less  than  half  of  the  mass,  and  generally  a  still  larger  proportion. 
Sometinies  the  mica,  sometimes  the  quartz,  becomes  so  minute  as  to  be  barely 
perceptible.  The  texture  of  the  mass  varies  also  greatly,  some  granites  being  very 
d'j«e  ami  fine-graineil,  others  largely  aud  coarsely  crystalline.  The  colours  of  the 
nxk  are  generally  either  red,  grey,  or  white  ;  the  first  when  the  felspar  is  flesh- 
coionredy  the  latter  when  it  is  pure  white,  the  intermediate  grey  tints  depending 
diiefly  on  the  abundance  and  colour  of  the  mica,  but  sometimes  on  that  of  the 
quartz:  Large  and  distinct  crystals  of  felspar  sometimes  occur,  disseminated  at 
iatervahi  through  the  mass,  giving  the  rock  a  porphyritic  structure.  It  is  then 
called  Porphyritic  Granite. 

In  the  paper  before  quoted  f  the  Rev.  Dr.  Haughton  gives  a  very  complete 
Kcount  of  the  constitution  of  the  largest  granitic  mass  in  the  United  Kingdom, 
iL&t,  namely,  that  stretches  south  of  Dublin  for  a  distance  of  seventy  miles.  The 
(billowing  is  the  mean  of  the  analyses  of  eleven  specimens  from  so  many  difierent 
parts  of  the  chxdn  : — 

•  The  Msertion  of  the  pretence  of  Albite,  however,  as  a  constituent  of  granite,  seems 
often  to  hsve  originated  in  mistake.  Even  In  the  Monme  MounUin  granite,  according  to 
I>r.  Haughton,  It  is  chiefly  found  in  dmsy  cavities.  Oligodase  also  never  occurs  alone, 
thoagh  Orthoclase  often  does. 

t  Trant.  BuyoU  Irith  Aoad.,  vol  zxiii. 
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It  ha»  l)een  onre  or  twin*  pointed  nut  in  tlie  precetlinu'  p 
the  voliaiiic  and  trappean  n.»ck:«  are  rtailily  divi?il>le  ijito  Iv 
accorilin^  to  the  relative  pr<>]»«.>rlion.s  of  the  acid  .siliia\  and  ll 
and  alkaline  ba**!*:*  which  enter  into  ihoir  cnniiK»;«ition.  The 
lavas  or  tmchvtos  c»)n'*i^t  of  the  most  hijjhlv  silicated  fel.« 
some  of  their  varieties  exhildt  quartz  in  con*».-4Utiice  of  hav 
Rilica  tlnm  could  l»e  ahsurbed  hv  llu-ir  l«;i.-fic  consiitui-nts. 
8ilicet>u»<  traps  or  fidsitones  thi*  is  alway."*  the  cann*,  and  the  rocl 
of  a  mixture  of  hij:hly  «!ili«atfd  felspar,  with  nnof»mhinetl 
quartz.  It  would  ul>viuu*ly  1m;  most  unlikely  that  the  m 
fels|iar»,  buch  as  Libradorite,  should  have  been  pruducetl 
rocks. 

In  imaltere«l  felstones  the  quartz,  alihou^di  exi>tent,  rarel\ 
visible,  and  then  appears  u>ually  in  il«.taeln.d  j:l«»bular  juirti 
t^red  in  the  lUiiMi*.  In  the  ft-Utone  and  trachytic  |»oqdiyrie 
quart?,  is  said  ponietime.'*  to  oceur  in  ]»crfect  cvv."»lal.s  of  dou 
inidj*,*  but  thi."*  must  be  looked  on  a^  an  exoeplinn  to  the  j:en 
unh'S.s  in  the  felstt^ne**  which  are  as.-oeiated  with  metaiu«.»rpl 
and  have  thenis»elvi'S  been  metauiorjdmHML 

In  all  the  *n^nitic  ro^^k?,  on  the  otlnr  hand,  quartz  ir^ 
prt^sent,  but  visible,  the  existence  vf  crystalline  particles  •' 
intertangled  witli  the  crystalline  ]>articles  of  the  other  minen 
their  nK»st  e:*.sential  character.  It  is,  however,  remarkable  tli 
randy  forms  perfect  crystals  in  granite,  whereas  the  feKp 
f^redientj?  friMjuently  do  so,  an>l  the  micaceous  not  unfn'qiieni 
fels^xirs,  orthoclase,  albile,  or  nli;:oclase,  were  thus  suli'litieil  ji: 
to  the  quartz,  an  antunaly  to  be  explained  perhaps  by  the  fact 
ference  between  the  p«»int  of  fusion  and  the  point  of  soli«Iifi« 
the  minerals,  and  by  the  protracted  visc«>sity  of  the  qnart: 
may  be  owing  to  the  slow  refrigeratiiju  of  the  nuiss,  alK'W 
hijjhly  siliceous  minerals  to  cry?*tallise  in  a  ma^ana  of  silks 
the  more  i-apid  cooling  of  the  ]u)r]diyries  and  trachytes  ^ 
a  mixeil  fels^xithic  jKtste  only,  in  which  .some  crystals  of  q}i ; 
generated. 

Granite  then  may  Ihj  looked  upon  as  the  original  rock  f>., 
the  pundy  felsiwithic  or  highly  silicated  traps  an«l  lavas  liav^  - 
directly,  the  differences  between  them  btring  due  rM* '~  '^  '- 
Stances  under  which  they  have  been  cuoled  and 

*  Bamn  Bichtoten,  PTOC«d.  Imp,  Ot-A   Itwt.  Vknuoi, ' 
f7tol.  Journal,  vol  xv.  .V . 
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KT  r-^-riti.iI  .li-*ir.'.ti"7i  in  their  in:n"»"-'li«'nt'J.      It   is  iiir»rf  a  ci//ri'n*ri«-e 
ic  Vivi:.;  iti;m  ■•{  i;..iiiT,*.-ir:"ii.     Gnuiiti-,  liowc-ver,  ini^'ht    hr  rt'^'anh-il 
a!  liiT    hiT.ii.J  m:i--  ...f  i.-vf-n  th»r  iinnt?   l.-a-ic   trap-  aii«l   lava.w,  if  wt.' 
BCtrriV::  tliii  t-i  all  (lis.hdl  molten  isi.'t--  v»f  ■^T-aiiil«,*  a  rjuautitv  of  tho 
tort  fii:i!.lp  la-,  w.i-  in  .,i.:iif  way  a.l'linL 

iii'it;  1- ii.,w  ;i  i^Ti-uiiij  i.j.iiii. Ill  am. .11^  -j'-ol'iifi-t-*  that  ;.Taijife  i«  in 
aasTM-rr.;  ■;.. ' .■.r.vi.v  j..,.k.  th;it  i?  t'.  -.-IV,  ikil  it  h.!-  I»c.-ii  fnriii.Ml 
DT 'o:  :...f,,,..,r,.,.;  ^^ ....  .j;j, .-.  t:,,;j  ,,f  a  ifi.-i'xi-iiii-'  riia.-^  of  .-tratitifil 
rxi  5ii..: ...  ..ij.:,^..',..-.  ui.ii  :.T»'V\v,i«.k«-<.  Jt  is  hi'i»- <I«—.ril»<.il  anion:: 
.  'c"^*"'"  •*  f"  k-.  !'!!t  i.-i.-ii :.;.,-  \\i]l  Ik-  niatlf  t"  if.  ni«-tani'«r]tliii'  n-Ia- 
^"'i--  '.li  Cbp.r  XII..  ;uvl  iu  iho  r^t-jti'^n  uf  thi?  Muim;il  wlnjrc  Mvta- 
Cio^f'Liiu  i.  -ivv  lilt.;. 

^1  i"!^*^'~^'?' ''■"•*■■•  ''•  '^■'"  '  ''J''J'«"y  ••■'^ni.  i>  '■•»"-•  of  the  m'-ht  ea.-.!l>' «1#^ 
. -  r *  u.. .  .. -,  ij.i  r.-. ._!.i,..-.i  ill  nil  r>.«.-:.-.      it  i.-  a  liii*-  '-r  n..»r-..:  ^'raiufil  rrys- 

^^;  ■■"'*'■-;*•''  ;**1-  til  r  i.iiii-T.U  :V.-iii;r,  nii- a,  aii'i  i.'i.-.rrz.  It^i  i.ann-  i.-* 
fl  "'l' 7' '"■'*•;  ''''•''■"•i  ••■■''»  •*"  i.'rr:iiii;.r  >TJ«;'ti:r«.',  J'Ut  .Liru-.-^-.tj  iIit;v«->  it 
r^\...l.  [  ^  '  *•■■-'•  i"'-J  ■•/  I'ii^.y  •••  .J.  ..|_':j;iT.,:  ;;  j-art;- u'-.tr  kiinl  •>!  .-ImIh*. 
'  Jk..'  .'.iri.*..  v.:;...  ;i,  .  ;, ;].,.■  •  .  t;,!.-  i  ■;[!.  ]»>  .-.I  ii,n  Iff  ti.i*  l'l-}..»r  .'iii*!  riii<  a  •miu- 
L-.i.*^  ~*   ''■*•-■    '■'"  r.  ;.iTi"ii-T  jir- ]:-.!r...jji  -il  t'li'.-y  iii;ii«rali  to  •.•aih  othi-r 

*    '  ■■•'  ■•  '"■■•••■i:  1'  ■■•  .ili;..'  t-'  li:i-  '.:>:  'A  thv  crv^lals,  aii-i  tK<r  -Ta:*:  '4  n-JiZTi" 
Pi?  -.••.._  ■  •  "^ 


'--■■"  •' ..  '• 


.I-..1*. 


'•  -•  ■:•*'.    ..'   i.'i.:i:Iy  -rtl.'  ■  luM",  frf-.ju«'iiiiy  l!'-ili--f'!fi'.r'''l,  H'irn*- 

-'     -'     -■  .;!- •  ti.- .I'll*;',  'r.-.v^  liav;nu'  a  f:i»-»ri;-.h  -.r  :rr«'vl-li- 

•■'"■■ -'i  •/•!■••  I  n    "i.r  ■.itli"  '..I-.-  liv  it.H  lint-  j.i.'all*-'.  ^?r:.l?^'•ll««. 

ir,  ."_  y_"  ■■' '    ■    ■■'•.;•■-'*     Til'-  :  li  "I  ■■!   :;:.i:Jti.- vai;r>  :ir'-.i*ly  in  ••'.••ur  ainl 

!.  ...  .       ■   •■'■'*•   ■  "    -■  ■!  i'  h   V'.-. !■.■■.%    V.i'.i-  *j».'^    l'vin.L'    usually  frit;i-.!|.!;.:i:i,   til" 

t  :."•.'  '■"■■  ^' ■:•-!.  .>ri' -•  1-1... ■  ,1.     The 'riiii't/  is  coiiiiJiOhJv  •.-■■.Jvuiic.'*-*  "'f 

•■••  .  .■.'.'  '.■."■••'■;.'•  :],r  :f  .  ..:i.-ti:ui':i*..^  vurv  imli-tinitiilv,  with  tlii-  liriiit'i- 
i-  .,\.  •'.'-!■  ••  .J-.i:iy-  jii  i;..iii.ti;il  iiiL'p'iii'-iiT.  and  iit:\vt  l"«irm-  :••«'.  than 
*  :..;  *  . "  '•'•'.  .•;.!l  ■!  !;i-.-  i..  i^-.  .ill  1  j'/ntTaliv  u  .still  laim-r  j.r»j.'-.rti«in. 
•..•.-•  /'.■•'''•::.• 'n;  i;-  till.'  -jiMrtz.  I •».'';•  inii."s  S".  minute  ji^  to  !«!  U'ir»-iy 
..-'•.■  •.  '^  ''*'■>  .  I  •.•,►•  in.i.H.  v.,ru>  al-'i  ;;ri-at!v.  -'.inu'  •TanitiM  U-in-^  \«.-rv 
?•  ic  .:-  ...  f  .  •"  •  tl->  ].i:  _■•  ly  .tn'l  •••i.ii-'-ly  •vry-tailine.     The  •'«tl'«urs  'jI"  tin*. 

-•.     .  '    '  •'•'   ii-l.  _rt.'v.  •.;-  \wi;tt.'  :  ihft  tir^it  wln;ri  the  ftiUpar  i.n  tl«..«h- 

.-:.:    -.;■.'•■■••'•:.;•     '   :.'!»•  v.'.iit...-.  ti'ie  Jnt'-rnit-diate  i^rcy  tint*  «l»'i«*jn«ljM^ 

-*■•:.•.    ',.  '■•■••'".  :;1  ■  N'-tir  of  *nt-  inii  .-l  but  .-oiuetinies  on  that 'if  th»* 

•^ -';.'..:•..  i. ,■■■•■■..■.■  t   :iy-!:I'>  -.J'  IrNj^ar  a>.'.iii-time=*  occur,  tlis.Hein mat t.*»i  at 

•^■•.}r.  ..".■'■'^  ■•'•■'.  -i'iiu  t^ic-  r-M'.k  a  jKiq-livntii;  structure.     It  Is  then 

Iv/""''::m".    '  '"   i-''*'-^'^  *^"'  J^''^'-  ^*'"-  Hau^'hton  frive«  a  very  fomjiMe 

•^'^'•''•■.•l.^' ■■''''"'   '•   -'''•   I-i-~'*-^t  ijranii;.-'  nia-'  In  the  United  Kin;.'doni, 

Sr*^' '*  il.  J  '  '■'"■•''"'>  "-''ith  •.{  l^'.jlilin  lor  a  distan-.e  of  seventy  miles.     The 

''^cLii  ■•-  '^1  •...•=;  analysts  ''f  tl«:v«'n  ."»i»ecimeu»  fr«>m  mo  many  different 


jinoi..,,..,,  ,,f  Ail  lite,  however,  a«  a  constituent  of  j,TaD)te,  in'elfi.s 

■»ii.»t.»ko.    Ev.:n  in  tht!  Mourn*"  ySovnUia  e^^niU',  art-nrtiui-^  {q 

fcund  in  tinv^y  cavities.     Olig^-cJaM  mJoo  never  ocean  a|<f,uj 
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C.-GBAITITIC  BOCKS. 

It  baa  been  once  or  t^-ice  pointed  out  in  the  preceding 
the  Tolcmnic  and  trappean  rocks  are  readily  divisible  into 
looording  to  the  relative  proportions  of  the  acid  (silica),  and 
md  alkidine  baaea  which  enter  into  their  composition.  Th 
laTas  or  trach3rtes  consist  of  the  most  highly  silicated  fe 
mne  of  their  Tarieties  exhibit  quartz  in  consequence  of  lui 
nlica  than  oould  be  absorbed  br  their  Ija.'iic  constituent 
nlioeons  traps  or  felstones  this  is  always  the  case,  and  the  re 
of  a  mixture  of  highly  silicated  felspar,  with  uncombine 
quartz.  It  woxdd  obviously  be  most  unlikely  that  the  ; 
felspazB,  Buch  as  labradorite,  should  have  been  produce 
rocka. 

In  imaltered  felBtonee  the  quartz,  although  existent,  rare 
▼iflible,  and  then  appears  usually  in  detached  globular  pai 
tered  in  the  mass.  In  the  felstone  and  trachytic  por])hyr 
qoartz  is  said  sometimes  to  occur  in  perfect  crystals  of  d<: 
mids,*  but  this  must  be  looked  on  as  an  exception  to  the  ge 
unless  in  the  felstones  which  are  associated  with  mctamor 
and  have  themselves  been  metamorphosed. 

In  all  the  granitic  rocks,  on  the  other  hand,  quartz 
present^  but  visible,  the  existence  of  cr}*8talline  particles 
intertangled  ^-ith  the  crystalline  particles  of  the  other  mint 
their  most  essential  character.  It  is,  however,  remarkable 
rarely  forms  perfect  crj'stals  in  granite,  whereas  the  fel 
gredients  frequently  do  so,  and  the  micaceous  not  unfrcfiuo 
felspars,  orthoclase,  albite,  or  oligoclase,  were  thus  solidified 
to  the  quartz,  an  anomaly  to  be  explained  perhaps  by  the  fa 
ference  between  the  point  of  fusion  and  the  point  of  sol  id  i 
the  minerals,  and  by  the  protracted  viscosity  of  the  qua 
may  be  owing  to  the  slow  refrigeration  of  the  nuiss,  all 
highly  siliceous  minerals  to  crj'stallise  in  a  magma  of  sil 
the  more  rapid  cooling  of  the  porph}Tie3  and  trachytes 
I  mixed  felspathic  |^>aste  only,  in  which  some  crystals  of  qu 
^nerated. 

Granite  then  may  be  looked  upon  as  the  original  rock  C^ 
the  purely  felspathic  or  highly  silicated  traps  and  lavas  ha?^ 
iirectly,  the  differences  between  them  being  due  raj 
itances  under  which  they  have  been  cooled  an^ 

*  Baron  Blehiol«iL,  Proond.  Im^^  G«ol.  In&u  Vvchuo, 
r€oL  Journal,  vol.  xv. 
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C.-GBANinO  BOOKS. 

It  lias  been  once  or  twice  pointed  oat  in  the  preceding  pages  that 
the  volcanic  and  trappean  rocks  are  readily  divisible  into  two  series, 
according  to  the  relative  proportions  of  the  acid  (silica),  and  the  earthy 
and  alkidine  bases  which  enter  into  their  composition.  The  siliceoiu 
lavas  or  trachytes  consist  of  the  most  highly  silicated  felspars,  and 
some  of  their  varieties  exhibit  quartz  in  consequence  of  having  moie 
silica  than  could  be  absorbed  by  their  basic  constituents.  In  the 
siliceous  traps  or  felstones  this  is  always  the  case,  and  the  rock  consLsti 
of  a  mixture  of  highly  silicated  felspar,  with  uncombined  silica  or 
quartz.  It  would  obviously  be  most  unlikely  that  the  more  basic 
felspars,  such  as  labradorite,  should  have  been  produced  in  such 
rocks. 

In  tmaltered  felstones  the  quartz,  although  existent,  rarely  becomes 
visible,  and  then  appears  usually  in  detached  globular  particles  scat- 
tered in  the  mass.  In  the  felstone  and  trachytic  porphyries,  indeed, 
quartz  is  said  sometimes  to  occur  in  perfect  crystals  of  double  pyra- 
mids,* but  this  must  be  looked  on  as  an  exception  to  the  general  rule, 
unless  in  the  felstones  which  are  associated  with  metamorphic  rocks, 
and  have  themselves  been  metamorphosed. 

In  all  the  granitic  rocks,  on  the  otlier  hand,  quartz  is  not  only 
present,  but  visible,  the  existence  of  crystalline  particles  of  quartz, 
intertangled  with  the  crystalline  particles  of  the  other  minerals,  being 
their  most  essential  character.  It  is,  however,  remarkable  that  quartz 
rarely  forms  perfect  crystals  in  granite,  whereas  the  felspathic  in- 
gredients frequently  do  so,  and  the  micaceous  not  unfrequently.  The 
felspars,  orthoclase,  albite,  or  oligoclase,  were  thus  solidified  previously 
to  the  quartz,  an  anomaly  to  be  explained  perhaps  by  the  fiact  of  a  dif- 
ference between  the  point  of  fusion  and  the  point  of  solidification  in 
the  minerals,  and  by  the  protracted  viscosity  of  the  quartz.  This 
may  be  owing  to  the  slow  refrigeration  of  the  mass,  allowing  the 
highly  siliceous  minerals  to  crystallise  in  a  magma  of  silica,  while 
the  more  rapid  cooling  of  the  porphyries  and  trachytes  produced 
a  mixed  felspathic  paste  only,  in  which  some  crystals  of  quartz  were 
generated. 

Granite  then  may  be  looked  upon  as  the  original  rock  from  which 
the  purely  felspathic  or  higlily  silicated  traps  and  lavas  have  proceeded 
directly,  the  diflferences  between  them  being  due  rather  to  the  circum- 
stances under  which  they  have  been  cooled  and  consolidated,  than  to 

*  Baron  Riohtofen,  Prooud,  Imp,  GtoL  Imt,  Vienna,  March  16, 1809,  ai  atetrftcted  .in 
(reol.  Journal,  vol.  xv. 
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tmetioii  in  HbsSx  iiigiedientB.  It  is  more  a  difference 
Df  compositioiL  Oxanitey  howevery  might  be  regarded 
nasB  of  even  the  more  bade  tzape  imd  layaa,  if  we 
an  original  molten  mass  of  gnmite  a  quantity  of  the 
»  was  in  some  way  added. 

r  a  growing  opinion  among  geologists  that  granite  is  in 
tamorpkic  rock,  that  is  to  say,  that  it  has  been  formed 
hiitn  or  alteration  of  a  pre-existing  mass  of  stratified 
idstones  and  greywackes.  It  is  here  described  among 
9,  bat  reference  will  be  made  to  its  metamorphic  rela- 
-  Xn.,  and  in  the  section  of  this  Manual  where  Meta- 
sribed. 

le  Onnite,  in  Hb  ozdinsry  form,  is  one  of  the  most  essOy  de- 
ly  reoognised  of  all  rocks.  It  is  a  fine  or  ooarte  grained  orys- 
f  the  three  mineials  fisbpar,  mica,  and  qnarti.  Its  name  is 
>e  derived  from  its  gnnnlar  stmctiire^  bat  Jameson  deri;?eB  it 
I  tenn  used  by  Pliny  to  deeigDate  a  partionlar  Und  of  stome. 
tries  according  to  the  composition  of  Uie  felspar  and  mica  oom- 
;  to  the  relatiTe  proportions  of  those  minmls  to  eadi  other 
md  according  to  tiie  site  of  the  cr3r8talB,  and  the  state  of  aggro- 
i\  constituents. 

granite  is  usually  orthoclase,  frequently  flesh-coloured,  some- 
tligoclase  also  frequently  occurs  having  a  greenish  or  greyish- 
ecognisable  from  the  orthoclase  by  its  fine  parallel  striations. 
re  rarely.*  The  mica  of  granite  varies  greatly  in  colour  and 
k'hite  or  golden  yellow  varieties  being  usually  potash-mica,  the 
irieties  magnesia-mica.  The  quartz  is  commonly  colourless  or 
les  dark-grey  or  brown. 

)  of  the  three  constituents  vary  indefinitely,  with  this  limita- 
ir  is  always  an  essential  ingredient,  and  never  forms  less  than 
than  half  of  the  mass,  and  generally  a  still  larger  proportion. 
'A,  sometimes  the  quartz,  becomes  so  minute  as  to  be  barely 
texture  of  the  mass  varies  also  greatly,  some  granites  being  very 
ed,  others  largely  and  coarsely  crystalline.  The  colours  of  the 
either  red,  grey,  or  white  ;  tiie  first  when  the  felspar  is  flesh- 
'  when  it  is  puro  white,  the  intermediate  grey  tints  depending 
dance  and  colour  of  the  mica,  but  sometimes  on  that  of  the 
I  distinct  crystals  of  felspar  sometimes  occur,  disseminated  at 
he  mass,  giving  the  rock  a  porphyritic  structure.  It  is  then 
Grranite. 

efore  quoted  f  the  Rev.  Dr.  Haughton  gives  a  very  complete 
titution  of  the  largest  granitic  mass  in  the  United  Kingdom, 
stretches  south  of  Dubliu  for  a  distance  of  seventy  miles.  The 
an  of  the  analyses  of  eleven  specimens  from  so  many  difiiBrent 


r  the  presence  of  Albite,  however,  as  a  eonstltQent  of  giaalte,  eeems 
ted  in  mistake.    Even  in  the  Monme  Mountain  gxaalte,  aoetnding  to 
chiefly  found  in  dmsy  cavittes.    Oligoelase  also  never  ooooit  alone, 
ten  does. 
iiK  Acad.,  vol  xxiiJ. 
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GEOOKOST. 

MaTitnnm. 

MinlmimL 

MMm. 

Silica 

74-24 

70-28 

72-07 

Alumina  . 

16*68 

12-64 

14-81 

Peroxide  of  iron    . 

8-47 

1-08 

2-22 

Potash      . 

7-92 

8-95 

611 

Soda 

8-58 

0-54 

2-79 

Lime 

2-84 

0-67 

1-68 

Magnesia  . 

0-68 

0  00 

0-88 

Protoxide  of  iron  . 

0-30* 

0  00 

0  00 

Loss  by  ignition   . 

1-89 

0-00 

109 

100-05 

^  Dr.  Haughton  shows  that  the  granite  having  the  above  average  oomposition 
consists  of  four  minerals — orthoclase,  two  kinds  of  mica,  and  quartz— confusedly 
embedded  in  a  felspathic  paste.  The  felspathic  paste  does  not  assume  any  definite 
crjrstalline  form,  and,  therefore,  is  not  entitled  to  the  name  of  a  definite  minezaL 
It  contains  nearly  4  per  cent  of  both  potash  and  soda,  and  seems  to  be  the  super 
fluous  matter  in  the  original  mixture  which  remained  unused,  as  we  may  aiyt 
when  the  other  minerals  formed.  Having  separately  analysed  the  distinet 
minerals,  orthoclase,  white  mica,  and  black  mica,  and  having  assumed  that  tfaa 
felspathic  paste  is  at  all  events  a  trisilicated  felspar  (which  it  must  be  ttom  tlM 
presence  of  free  silica  in  the  rock),  Dr.  Haughton  calculates  the  proportions  of 
each  mineral,  and  gets  the  following  as  the  mineralogical  constitutioa  of  tfaa 
granite:  — 

Quartz.  ....  27*66 

Felspar  (orthoclase)  .  .  52*94 

Margarodite  (or  white  mica)      .  .  14*18 

Lepidomelane  (or  black  mica)   .  .  5*27 

100  06 

Having  established  the  constitution  of  this  great  mass  of  granite,  and  shown 
its  constancy  throughout  its  extent,  he  then  proceeds  to  examine  the  composition 
of  a  number  of  granitic  bosses  that  protrude  through  the  slate  rocks  between  the 
main  chain  and  the  sea.  These  were  found  not  only  to  differ  in  composition  from 
the  main  chain  granite,  but  to  differ  also  among  themselves,  so  that  no  two  of 
them  were  exactly  alike.  Among  nine  specimens  analysed  from  as  many  different 
localities,  the  percentage  of  sUica  varied  from  66*6  to  80-24,  that  of  alumina  fit>m 
11*24  to  18,  while  in  the  majority  of  them  the  percentages  of  soda  and  lime  wen 
greater,  and  sometimes  considerably  greater,  than  those  of  potash.  It  is  believed 
tiiat  these  irregular  differences  resulted  from  the  differences  in  the  composition  of 
the  particular  aqueous  rocks  with  which  the  granitic  masses  came  in  contact ;  a 
portion  of  these  rocks  being  supposed  to  have  been  absorbed  and  melted  down 
into  the  granite,  f  In  one  of  these  detached  bosses — ^that  of  the  hill  known  as 
Croachan  Kinshela — a  specimen  taken  from  the  head  of  a  valley  as  deep  into  the 
granitic  mass  as  we  could  reach,  showed  a  composition  resembling  that  of  the 
main  chain,  while  another  specimen  from  the  summit  of  the  hill  nearer  the  original 
slaty  envelop  of  the  granitic  mass,  deviated  greatly  frt)m  it  in  composition,  and 
contained  chlorite  instead  of  mica.^ 

*  In  one  case  only. 

t  Such  difrerences  in  the  composition  of  the  various  parts  of  one  granitic  mass  are  also 
explicable  on  the  sapposition  that  the  granite  is  the  result  of  the  metamorphiam  <»  tUit  of 
rocks  diflMng  from  each  other  to  some  extent  in  chemical  composition. 

t  TrajM.  R.LA.  voL  zxiii.  p.  008,  etc.  See  poit,  Chap.  XII. «  "  On  the  Granitic  Bocks,* 
for  an  explanation  of  what  is  referred  to  by  the  "  slaty  envelope." 
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Dr.  Hangbton*  baa  snlieeqiimitlj  described  the  granites  of  Donegal,  and  having 
ac^yaed  fifteen  specimens,  finds  that  they  have  the  following  composition  : 


Silica 

Alnmina  . 

Peroz.  Iron 

Protoz.  Iron 

Lime 

Ma^esia  . 

Soda 

Potash 

Protoz.  Manganese 

Water 


Maximum. 
75-24 
20-00 
6.64 
2-05 
6  08 
8-66 
4-86 
7*82 
0-96 
1-20 


Minimom. 

55-20 

1386 

0  0 

0  0 

0-79 

0-07 

2-88 

2-0 

0-00 

0-00 


Mean. 
68-44 
16-02 
8-09 
0-44 
2-49 
0-88 
8-95 
4-46 
0-8 
0-12 

99-96 


Hie  then  shows  that  the  minerals  composing  the  Donegal  gnmites  are  qnartz, 

erthorlasfi,  oligoclase,  black  mica,  white  mica  (chiefly  in  veins),  and  sometimes 

bonblcnde.    The  orthoclsse  is  either  flesh  colour  or  white,  and  althoogh  it  is 

eatainly  that  species  of  felspar,  it  contains  more  lime,  and  is  altogether  more  than 

vnaUy  basic     The  oligoclase  is  greenish-grey,  with  a  wazy  lustre,  and  ahows  on 

aont  of  its  facets  that  minnte  parallel  striation  which  is  characteristic  of  the 

piagiodastic  felspars.     The  black  mica  is  always  present,  bat  becomes  brown  or 

gieen  when  decomposed.    The  white  mica  is  rather  an  accidental  than  a  constt- 

toent  mineral  of  this  granite,  occurring  chiefly  in  veins  with  beryl  and  schorl.    The 

hcmblende  occurs   occasionally.      Besides   the   previously-mentioned   minerals, 

fphene,  gamet,  molybdenite,  and  copper  pjrrites,  also  occur  in  the  Donegal  granites. 

I>r.  Haughton,  then,  by  a  masterly  application  of  mathematical  analysis  to  the  data 

he  has  gained  irom  chemical  and  mineralogical  experiments,  shows  the  granite  of 

iKxichary  Bridge  to  contain  the  constituent  minerals  in  the  following  percentage : — 

Quartz      ....  80-68 

Orthochwe  .  24*88 

Oligoclase  .  .  .  41-88 

Black  mica  .  8*16 

100-00 

Tliese  two  varieties  of  granite — ^namely,  that  with  orthoclase  only,  and  with 
white  mica  at  least  as  abundant  as  black,  and  the  other  containing  oligoclase  as 
^pdl  as  orthoclase  and  black  mica  solely,  or  rarely  with  white  mica,  may  be  taken 
M  the  two  ty^Mcal  varieties  of  granite.  Q.  Rose  proposes  to  distinguish  the  latter 
nek  l^  the  name  of  granUUe,     According  to  Durocher,  granite  contains — 


Maziinum. 

Minimum. 

Mean. 

Slica  . 

780 

66 

72-8 

Alumina 

18-0 

11 

15-8 

Potash 

9-0 

4 

6-4 

Soda    . 

2-5 

0 

1-4 

Lime  . 

1-5 

0 

0-7 

Magnesia 

2-0 

0 

0-9 

Oxides  of  iron  and 

manganese    2-5 

0-5 

1-7 

Loss  by  ignition 

• 

1-5 

0 

0-8 
100-0 

Specific  gravity,  maximum  2*78,  minimum  2-60,  mean 

2-66. 

•  la  a  paper  published  in  duart.  /oar.  GtoL  Soc,  voL  xviil.,  and  another  in  vol.  xxiv.  of 
the  Iruu.  B,  I,  Aeademy. 
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Many  varieties  of  granite  have  been  named  according  to  the  occasional  pre- 
sence of  accidental  minerals.     The  following  are  the  more  important : — 

Proiogine*  {protoffine-granite^  Alpine  graniie). — A  rock  consisting  of  ortho- 
clase,  oliogoclase,  quartz,  mica,  and  a  variety  of  talc.  It  occurs  among  meta- 
morphic  rocks  in  the  Alps. 

Syenitic  (or  hombUndic)  graniU,  a  rock  in  which  hornblende  is  added  to  the 
usual  ingredients  of  granite.  By  some  authors  this  rock  is  called  a  syenite.  It 
forms  an  intermediate  variety  between  granite  and  syenite. 

PegmcUiUy  a  coarse  granite,  full  of  druses,  and  consisting  essentially  of  ortho- 
clase  (often  in  very  large  crystals),  quartz,  and  large  plates  of  silvery  white 
mica.+     It  occurs  in  veins  or  layers  in  other  granitic  rocks. 

Oraphic  granite. — This  variety  is  distinguished  by  a  peculiar  mode  in  which 
the  quartz  is  crystallised  in  the  felspar,  so  as  to  produce  on  a  cross  fracture 
of  the  quartz-crystals  the  appearance  of  Hebrew  writing.  It  is  of  very  local 
occurrence. 

Syenite,  in  its  true  form,  is  a  quartziferous  or  granitic  rock.  It  is  named 
firom  the  city  of  Syene,  in  Egypt,  where  it  is  formed  of  a  crystalline  aggregate  of 
the  four  minerals,  felspar,  hornblende,  mica,  and  quartz ;  the  mica  being  in  small 
and  uncertain  quantity.  According,  therefore,  to  the  nomenclature  which  has 
been  in  vogue  in  this  country,  syenite  differs  from  granite  solely  in  the  fact  of  its 
containing  hornblende  instead  of  or  in  addition  to  the  mica,  and  may  be  described 
as  a  crystalline  granular  aggregate  of  felspar,  hornblende,  and  quartz  ;  the  felspar 
being  generally  red,  but  sometimes  white,  and  the  rock  mottled  red  and  dark 
green,  fh>m  the  occurrence  of  hornblende. 

The  petrographers  of  Germany,  however,  give  a  different  definition  of  syenite. 
They  say  it  consists  essentially  of  a  mixture  of  orthoclase  and  hornblende,  to 
which  oligoclase,  quartz,  and  mica,  are  occasionally  added.  According  to  this 
definition,  syenite  would  differ  from  diorite  solely  in  the  difference  in  the  felspathic 
ingredient,  diorite  being  a  mixture  of  oligoclase  and  hornblende,  to  which  mica 
may  also  be  added. 

The  name  Syenite  was  first  used  by  Pliny  in  reference  to  the  rock  of  Syene. 
Werner  introduced  it  as  a  scientific  designation,  and  applied  it  to  the  rock  of  the 
Plauenscher-Grund,  Dresden,  which  is  a  normal  syenite  according  to  the  present 
German  nomenclature.  He  afterwards  classed  that  rc«k,  howe?er,  as  a  green- 
stone ;  and  on  finding  that  the  rock  of  Syene  was  not  in  the  German  sense 
a  true  Syenite,  and  that  Rozi^re  had  met  with  true  syenite  at  Mount  Sinai,  he 
proposed  to  change  the  name  into  Sinaite — a  term  which  has  not  been  generally 
adopted.^ 

*  This  rock  was  so  called  because  it  waa  supposed  to  be  the  Jtnt  formed  granite.  The 
specimens  of  it  which  I  have  seen,  appeared  to  me  to  be  metamorphic  rocks  and  no  true 
granite,  and  the  descriptions  given  by  Naumann  and  Senft  confirm  this  opinion.  Dr. 
Haughton  informs  me  that  in  all  the  specimens  of  protogine  fh>m  the  Alps  which  he  has 
examined,  the  dark  green  mineral  was  not  talc,  but  dull  mica  or  chlorite,  or  some  kindred 
mineral.  I  can  equally  affirm,  that  all  the  rocks  I  saw  in  a  traverse  across  the  Alps  in  1860, 
which  could  be  classed  under  the  head  of  protogine,  were  not  intrusive  granites,  but  only  beds 
of  granitoid  rock  interstratificd  with  other  highly  metamorphosed  beds.  Some  granite  seems 
to  contain  chlorite  instead  of  mica,  but  as  fai-  as  my  own  experience  goes,  it  is  only  found 
on  the  upper  or  outer  margin  of  the  smaller  masses  or  intrusive  bosses  of  granite.  The  same 
obsen'ation  may  be  applied  to  the  very  schorlaceous  granite  of  Devon  and  Cornwall,  thou^ 
schorl  undoubtedly  occurs  in  small  detached  quantities  deep  in  some  granites. 

t  This  is  the  definition  of  Delesse  and  Nanmann.  Hatiy's  pegmatite  is  the  same  as  the 
rock  called  graphic-granite  in  the  text.    The  word  pegmatite  is  fTom  the  Greek  wiji^fJM, 

t  ZlrkeL    PetrographU,  VL  Vl^, 
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TIm  rock  cmlled  by  Ihiioeher  ayenitic  granite,*  liis  the  following  composition 


JfAxImmn. 

Jf  inimnm 

Mean. 

Silica     .             .             .             720 

64 

69*0 

AlnmiTia            .             .             17*0 

12 

16*0 

Pbtuh  ...               6*0 

8 

4*2 

Soda     ...               8-5 

1 

2*8 

Lime     ...               4*0 

1 

2*2 

Magnesia            .             .               4*0 

2 

2*6 

Oxides  of  iron  and  manganese      5*0 

2 

8*2 

Loes  by  ignition             .              1  '5 

0 

10 

100  0 
Specific  gravity,  mazimom  2*75,  mmininni  2*63,  mean  2*68. 

The  syenite  of  the  Planenscher-Grand,  which,  as  just  remarked,  may  be  taken 
as  a  tyj^  of  Syenite,  according  to  the  German  nomenclature,  is  a  coarse-grained 
niLXtnre  of  fiesih-colonred  orthoclase  and  black  hornblende,  containing  no  quartz, 
and  with  no  indication  of  oligodase.     Its  composition  is  as  follows  :•(-— 


Silica 

59*83 

Alumina 

16*85 

Protoxide  of  iron 

7-01 

Lime 

4-43 

Magnesia 

2-61 

Potash 

6*57 

Soda 

2-44 

Water,  etc     . 

1*29 

101-03 

According  to  G.  Rose,t  the  following  four  varieties  may  be  recognised  among 
svenites  : — 

'I.  Syenite  composed  of  Orthoclase  and  Hornblende. 

b.  Syenite  compose*!  of  Orthoclase,  Oligoclase,  and  Hornblende. 

-c.  Syenite  composed  of  Orthoclase,  Oligoclase,  and  Green  Mica. 

d.  Syenite  composed  of  Orthoclase,  Oligoclase,  Hornblende  and  Green  Mica. 


IL-AQUlSOnS  BOCKS. 

We  are  compelled  to  look  upon  the  igneous  rocks  as  original  produc- 
tions. We  can  only  speculate,  and  that  very  vaguely,  on  what  was  the 
c<.>Ddition  of  their  materials  previously  to  their  being  placed,  in  a 
molten  state,  in  the  positions  where  they  subsequently  consolidated. 
In  our  examination  of  the  aqueous  rocks,  however,  we  can  go  a  step 
farther  back,  and  learn,  either  accurately  or  approximately,  whence  the 
materials  composing  them  were  derived,  and  what  was  their  previous 
cfjDdition.  This  la  true  of  all  aqueous  rocks,  whether  chemically, 
organically,  or  mechanically  formed.     The  nature  of  the  various  pro- 

*  The  name  Sycnitic-granite  is  given  by  B.  v.  Cotte  to  gnmlte  containing  hornblende, 
t  ZirkeL    Poggendorfl;  ilnii.  cxriL  i\S6iX  ^^• 
X  ZtitaAri/i  dtrl>etate*.  Ged  CfOeii.  B.  I,  372, 
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cesses  whereby  these  rocks  have  been  and  are  now  formed,  will  be 
described  in  the  subsequent  section  on  Geological  Agencies.  In  the 
meantime,  we  have  to  consider  the  composition  and  arrangement  of 
these  rocks  in  a  lithological  series.  We  shall  commence  with  those 
which  have  been  mechanically  formed. 

a.  Mechanically  Formed. 

Conglomerate  or  Puddingstone. — A  rock  consisting  of  consolidated  graT«l 
or  shingle,  the  pebbles  being  rounded  and  water- worn,  and  bound  together  by  a 
matrix  of  iron  (ferruginous),  lime  (calcareous),  sand  (arenaceous),  or  clay  (argil* 
laceous).  The  pebbles  may  consist  of  any  substance  whatever  ;  but  they  are  most 
commonly  composed  either  of  quartz,  quartz-rock,  or  some  very  siliceous  substance. 
This  is  partly  the  result  of  the  greater  abundance  of  siliceous  over  other  min^al 
matters  in  the  composition  of  rock  generally  ;  but  it  also  arises  from  the  greater 
durability  of  quartzose  substances,  and  from  their  mode  of  fracture.  Pure  silica, 
or  highly  siliceous  minerals,  are  not  so  easily  dissolved  by  water,  or  by  any  other 
commonly  occurring  solvent,  as  those  which  contain  lime  or  other  earths  and  alka- 
lies. On  the  other  hand,  quartz  and  quartz-rock,  and  simUar  substances,  though 
very  hard,  are  often  rather  brittle  ;  and  they  break  into  cubical  lumps,  rather  than 
into  plat^  or  slabs.  .  These  squarish  lumps  are  soon  converted  by  motion  in  water 
into  more  or  less  glob^ar  pebbles,  and  are  therefore  set  in  motion  vrith  compara- 
tive facility. 

In  most  cases  the  pebbles  are  bedded  in  quartzose  sand.  When  they  consist 
of  limestone  or  of  trap,  of  slate,  schist,  or  other  rock,  the  rock  is  spoken  of  as 
calcareous  or  trappeau  conglomerate,  etc  The  degree  of  induration  or  consolida- 
tion in  conglomerates  varies  greatly.  Some  seem  to  have  been  consolidated  by 
simple  pressure  ;  and  from  some  of  these  the  pebbles  may  often  be  removed  by  a 
slight  blow  with  the  hammer,  or  even  by  the  knife,  the  form  or  riiould  of  the 
pebble  remaining  in  the  little  film  of  sand  which  fills  up  all  the  interaiices  between 
the  larger  frograeuts.  Sometimes  the  conglomerate  has  been  bound  or  cemented 
together  by  calcareous,  ferruginous,  or  siliceous  infiltrations,  the  matrix  in  which 
the  pebbles  lie  being  as  liard  as  the  pebbles  themselves,  a  blow  with  a  hammer 
breaking  the  pebbles  as  easily  as  the  rock  in  which  they  are  embedded. 

The  size  of  the  fragments  in  conglomerates  varies  greatly.  In  some  rarer  cases, 
blocks  of  as  much  as  six  feet  in  length  occur ;  but  the  more  ordinary  sizes  are 
from  that  of  a  man's  head  to  that  of  a  walnut.  Below  that  size,  the  rock  begins 
to  pass  into  the  coarser  varieties  of  sandstone.  Conglomerates,  although  slrat^ed 
rocks,  often  show  but  faint  traces  of  bedding,  and  in  such  cases  it  is  only  on  the 
large  scale  that  we  can  recognise  their  bedded  character. 

Breooia. — When  the  component  fragments  are  angular  instead  of  rounded  the 
rock  becomes  a  breccia.  In  general  the  traces  of  bedding  are  less  distinct  in  this 
rock  than  in  conglomerate. 

Sandstone  and  Gritstone. — The  remarks  as  to  the  usually  quartzose 
character  of  conglomerates  hold  good  also  with  respect  to  sandstones.  The  very 
process  by  which  fragments  of  rock  are  rounded  produces  sand,  as  the  waste 
resulting  from  their  attrition.  Pebbles  themselves  also  are  gradually  ground  into 
grains  of  sand.  Sandstone  is  nothing  else  but  sand  compacted  into  solid  stone. 
The  grains,  both  of  sand  and  sandstone,  generally  consist  of  quartz,  sometimes 
clear  and  colourless,  sometimes  dull  white,  sometimes  yellow,  brown,  red,  or  green. 
The  red  colours  are  usually  the  result  of  the  covering  of  each  little  grain  with 
peroxide  of  iron,  which  sometimes  acts  as  a  cement  to  the  stone,  serving  to  bind 
the  particles  together.  The  green  colours  are  commonly  derived  from  silicate  ol 
iron ;  and  the  green  and  red  are  often  intermingled,  in  consequence  of  the  change 
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the  condition  of  a  silicate  to  that  of  a  peroxide.  The  size  of  the 
m  that  of  a  pea  to  the  minutest  particle  visible  to  the  naked  eye, 
)  and  gritstones  even  requiring  a  lens  in  order  to  distinguish  the 
h  they  are  composed. 

U  are  also  various,  as,  along  with  grains  of  quartz,  may  occur 
icles  of  any  mineral  substance  whatever.  Flakes  and  spangles 
rely  altogether  absent ;  and  in  many  sandstones  they  occur  so 
1  in  such  regular  seams,  as  to  cause  the  rock  surfaces  to 
rock  itself  often  to  split  into  thin  plates  and  slabs.  These 
'cemts  sandstones.  Grains  of  felspar,  distinguishable  by  their 
•w,  or  flesh  colour,  and  peculiar  appearance,  occur  abundantly  in 
,  which  may  then  be  called  fdspatkic  sandstones.  When  grains 
:ur  in  any  remarkable  proportion,  the  rock  may  be  called  a  oalr 
e,  though  this  designation  is  more  often  applied  to  sandstones,  the 
er  grains  of  which  are  boxmd  together  by  a  cement  of  carbonate  of 
$ible  to  the  eye  or  occurring  as  a  network  of  little  veins  and  strings 
'lx>nate  of  lime  running  throughout  the  stone.  Calcareous  sand* 
into  comsUmes,  and  thence  into  good  limestone.  The  weathered 
istone  or  calcareous  sandstone  is  often  curiously  rotten,  and  of  a 
ur,  the  disintegration  of  the  rock  being  due  to  the  solution  and  re- 
bonate  of  lime,  and  its  dark  colour  to  the  peroxidation  of  the  iron 
In  other  cases  the  surface  has  a  fine  gritty  aspect,  owing  to  the 
he  sprains  of  sand  from  which  the  surrounding  lime  has  been  dis- 
1  T'jUlaccous  or  Clayey  Sandstone  is  a  term  not  often  used,  nor  is 
•licahle,  though  many  rocks  contain  various  mixtures  of  sand  and 
sand'^tones,  little  flat  rounded  patches  of  clay,  more  or  less  in- 
Similar  little  patches  of  clay  may  be  seen  on  sandy  shores,  either 
ite«l  there  in  little  hollows,  or  rolled  as  clay  pebbles  from  some 
n  quarrying  sandstone,  these  clay  patches  are  commonly  called 
workmen.  In  highly  indurated  grits,  they  sometimes  assume  the 
r»f  daW,  though  the  slaty  appearance  may  often  have  been  acquired 
lU'nt  induration,  and  not  before  they  were  embedded  in  the  sand- 
atc-}ie'<  of  clay  or  apparent  fragments  of  slate,  sometimes  give  to  the 
ince  of  a  breccia,  composed  of  pieces  of  hard  slate  embedded  in 
ugh  the  rock  really  was  formed  as  a  loose  sand  enclosing  lumps  of 

— S<jme  sandstones  in  different  parts  of  the  world  when  split  into 
rtain  extent  flexible  without  fracture,  almost  like  a  thick  piece  of 
variety  takes  its  name  from  the  mountain  Itacolumi  in  the  Brazils, 
\\K  its  flexibility  from  plates  of  chlorite  and  mica.  Specimens,  how- 
iu  quite  flexible  and  without  any  marked  appearance  of  micaceous 
eniingly  geimine  unaltered  quartzose  sandstone. 
nlliii^  Sandstone. — Among  sandstones  derived  from  hard  crystalline 
;  may  sometimes  not  be  easy,  at  first  sight,  to  distinguish  between 
imi  tlie  rocks  from  which  they  are  derived.  If  the  crystals  of  the 
di'iint«grate<i,  become  con'pacted  together  again  before  their  angles 
an«l  retain  the  lustre  of  some  of  their  facets,  and  the  sandstone  or 
:omr»oseti  be  very  hard  and  intractable,  pieces  of  it  might  easily 
al  igneous  rock.*  In  most  cases,  however,  the  particles  of  the  trap- 
T  less  decomposed  before  they  enter  into  the  composition  of  the 
d  the  only  mistake  that  could  then  be  made  between  them  would 
wty  glance  at  the  weathered  surfaces  of  the  two.  

m*y  be  deceived  by  such  a  rock,  and  at  length  discover  by  the  appearance 
Mled  grains  that  the  rock,  assumed  to  be  a  trap,  is  In  reality  a  sandstone. 
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Snch  Trappean  Sandstones,  or  volcanie  Orits,  composed  of  particles  dedred 
from  the  decomposition  of  greenstones  and  basalt^  consist  prindpsJly  of  grains  of 
felspar  and  hornblende  or  augite,  which  have  commonly  lost  all  their  ezteml 
crystalline  appearance.  Quartzose  grains  and  mica  flakes  are,  however,  cite 
mingled  with  these  substances,  and  serve  to  distinguish  even  the  most  crystaQiii^ 
looking  varieties  of  such  sandstones  from  trap-rocks.  The  difference  between  a 
*'  trappean  or  volcanic  tuff  or  ash/'  and  a  **  trappean  or  volcanic  sandstone,**  oob- 
sists  in  this,  that  the  materials  of  the  tuff  were  derived  from  an  igneous  outbim^ 
and  were  deposited  at  the  same  time  witii  the  trap  or  lava  from  which  they  wen 
derived,  or  immediately  before  or  after  that  was  poured  out ;  whereas  the  traj^Msa 
sandstone  is  merely  the  result  of  the  erosion  of  an  igneous  rock  at  some  snhs^ 
quent  period,  when,  together  with  the  other  rocks  among  which  it  lay,  it  becHM 
exposed  to  the  action  of  moving  water.  In  some  cases,  doubtless,  it  may  happm 
that  "trappean  sandstones,"  or  "volcanic  grits,"  put  on  the  appearance  «f 
trappean  or  volcanic  tuffs ;  and  it  would  then  be  impossible  to  distingiiiih 
between  the  two  kinds  of  rock,  and  say  which  accompanied  the  igneous  outbont^ 
and  which  was  derived  from  the  subsequent  abrasion  of  the  cooled  igneooi 
rock.  These  instances,  however,  are  more  rare  than  they  might  be  supposed 
tobe.^ 

ConsoUdoHon  of  Sandstone. — Sandstone,  like  conglomerate,  may  have  been 
consolidated  either  by  simple  pressure  continued  for  a  long  period  of  time,  by 
pressure  combined  with  an  elevation  of  temperature,  by  the  infiltration  of  mineral 
matter  in  solution,  or  by  the  partial  fusion  or  solution,  and  subsequent  reccm- 
solidation  of  some  of  the  particles  composing  it,  or  lastly,  by  a  combination  of 
two  or  more  of  these  actions.  Some  of  the  loose  tertiary  sands  of  the  north  of 
France,  such  as  the  Sable  de  Fontaineblcau,  and  the  Sable  de  Beauchamp,  exhibit 
these  actions  in  a  very  remarkable  way.  These  tertiary  grits  are  often  as  hard, 
and  break  with  as  splintery  a  fracture,  as  the  grits  of  the  oldest  rocks  of  iths 
British  mountains.  On  the  other  hand,  very  ancient  sandstones  are  sometimai 
quite  soft.  Dr.  Dana  says  that  the  Potsdam  sandstone  of  North  America,  which 
lies  at  the  base  of  the  Lower  Silurian  rocks  of  that  country,  can  in  some  places  ba 
crumbled  by  the  fingers,t  and  some  of  the  oldest  Silurian  formations  in  the  low 
lands  of  Russia[are  still  in  the  state  of  plastic  clay  and  friable  sandstone. 

Distinction  between  Sandstone  and  Oritstone. — The  difference  between  sand- 
stone  and  gritstone  is  a  vague  and  indeterminate  one,  which  must  necessaiily  be  tha 
case  when  the  things  themselves  are  so  various  and  often  capricious  in  compositkB 
and  texture.  The  term  gritstone  is  perhaps  most  applicable  to  the  harder  sand- 
stones, which  consist  most  entirely  of  grains  of  quartz,  most  firmly  compacted 
together  by  the  most  purely  siliceous  cement  Quarrymen  often  give  the  name  of 
"grit"  or  "greet"  to  any  hard  siliceous  stone  that  has  a  granular  structare^ 
whether  the  grains  be  large  or  small.  The  angularity  of  the  particles  cannot  ba 
taken  as  a  character,  since  the  rock  commonly  called  "  millstone  grit "  is  generally 
composed  of  perfectly  round  grains,  sometimes  as  large  as  peas,  and  even  larger ; 
the  stone  then  commencing  to  pass  into  a  conglomerate.  Westgarth  Forster 
alludes  to  the  millstone  grit  as  "a  coarse-grained  sandstone,"  and  deacribea 
gritstone  or  poststone  as  a  "  freestone  of  the  firmest  kind  .  .  of  a  very  fine 
texture,  and  when  broken,  appearing  as  if  composed  of  the  finest  sand;"  and 
sandstone,  as  '*an  imx)erfect  freestone  of  a  coarser  texture  than  post  and  not  so 
hard,"  more  porous,  more  coarse  and  friable,  aod  "mouldering  to  sand  when 
exposed  to  the  wind  and  rain." 

Olauconite  or  Oreensand  may  be  mentioned  here,  although  it  really  has  an 
organic  and  chemical  origin  rather  than  a  mechanical  one ;  since  the  green  grains 
which  give  it  its  peculiar  character  are  silicate  of  iron  deposited  in  the  cdb  of 

*  Bee  amU  under  Trap-tuff,  p.  116.  t  Dana's  Manval,  p.  178w 
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iniferons  shdiB.  It  oocnn  in  rocks  of  all  ages  from  the  Silurian  downwards.* 
nagniu  of  tme  glauconite  hare  a  peculiar  concretionary  aspect  and  dark 
toioVi  bj  wliich  the  rock  may  be  distingnished  from  an  ordinary  green 


ml  temt/or  vartetiet  of  Saiuitione,f — Many  such  terms  are  in  use  in  this 
7*   The  following  are  among  the  most  frequent : — 

*ued  generally  to  denote  any  hard  sandstone. 
» or  roekej  is  generally  used  for  a  softer  and  more  fliable  stone. 
ii  nogh  angular  gravel,  either  loose  or  compacted  into  stone. 
■a  Borthem  term  for  a  hard  grit. 

a  oortbem  term  for  any  bed  of  firm  rock,  generaUy  sandstone. 
^  •  Sonth  Staffordshire  term  for  a  hard,  smooth,  flinty  grit. 
^otgalliard,  is  a  northern  term  for  a  similar  rock. 

■>  the  form  of  calcareous  sandstone  in  which  the  rock  is  trayersed  by  little 
oching  veins  of  carbonate  of  lime. 

'  ii  t  term  in  general  use,  which  is  often  applied  to  sandstone,  but  some- 
it  to  limestones,  and  even  to  decomposed  granite,  as  in  the  counties  of 
lin  and  Wicklow.     It  means  any  stone  which  works  equally  .^lee/y  in  every 
rtion,  or  has  no  tendency  to  split  in  one  direction  more  than  another, 
common  term  in  Scotland  for  a  shaly  or  fissile  sandstone. 

means  a  stone  which  splits  more  freely  in  one  direction  than  any 

r,  that  direction  being  along  the  original  lines  of   deposition  of  the 

These  stones  are  ordinarily  sandstones,  though  often  very  argilla- 

i,  and  some  flagstones  are  perhaps  rather  indurated  clay  in  thin  beds  than 

(tone.     Thin-bedded  limestones  may  likewise  often  be  called  flagstone. 

(ions  from  Sandstone  into  Clay. — "WTien  among  the  materials  of  a  sand- 

•e  occur  any  containing  a  notable  proportion  of  alumina,  we  have  the 

ts  for  the  formation  of  clay,  and  it  only  remains  for  those  materials  to 
down  into  fine  powder  and  mixed  with  water,  either  naturally  or  artifi- 
clay  to  be  produced.     While  all  or  any  considerable  portion  of  the  rock 

I  the  form  of  difltinct  grains,  we  might  call  it  an  argiUaceous  sandstone  ; 

re  from  that  to  a  sandy  clay,  and  then  to  a  pure  clay  or  shale,  being  often 

hie  one. 

— Perfectly  pure  clay  is  a  hydrated  silicate  of  alumina.  This  is  the 
known  as  **  kaolin,"  or  **  porcelain  clay,"  derived  from  the  decomposi- 

tnter't  /'oramini/Srro,  iiny.  S^m.  p.  10. 

irler  and  more  general  use  of  Kuch  local  terms  may  be  recommended,  not  only  as 
the  intercourse  between  acientitlc  geologists  and  our  working  brethren  of  the 
at  as  being  often  in  tbeniHelveii  more  definite  and  precise  in  their  shades  of  mean- 
1  as  shorter,  than  our  cumbrous  periphrases  of  Latm  terms.  Many  good,  short, 
gfnnine  Saxon  names  for  natural  objects,  still  largely  used  by  the  peasantry  of 
Mric'ts,  have  been  more  or  less  allowed  to  fall  out  of  literary  use,  greatly  to  the 
of  the  language.    As  instances  we  need  only  mention  the  following  for  forms  of 

r  £oa«r,  A  long  line  of  cliff. 

r  Tor,  A  rv»cky  pinnacle. 

A  round  bare  hill — the  Welsh  noil. 

f,  A  valley— the  Welsh  ctrw. 

..  A  n»nndish  mountain  glen,  the  termination  surrounded  by  steep  hills. 

,  The  alluvial  flat  in  the  bottom  of  a  valley. 

\.  flat-topped  range  of  hills,  whether  a  ridge,  or  the  edge  of  a  table-land. 

A  lake  in  a  cleugh. 

A»d,  the  diwrito  o^uoruia,  or  line  of  divteion  between  the  sources  of  adjacent 

onnlng  streams. 

K 
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tion  of  feLspar,  from  which  the  silicates  of  potash,  soda,  etc.,  have  been  wi 
out.  lu  some  granitic  districts,  the  decomposed  granite  yields  this  snbst 
which  is  carried  down  by  water,  and  deposited  in  hollows,  the  quartz 
mica  being  often  left  behind  in  the  state  of  loose  sand.  The  ingredien 
pure  porcelain  clay  are  also  sometimes  derived  from  other  rocks,  as  at  Rost 
in  Cork  Harbour,  where  the  highly  inclined  bottom  beds  of  the  Carbonif 
limestone  afforded  them  in  considerable  abundance.  The  rock  there  is  a  sili< 
and  argillaceous  limestone  (though  no  distinct  nodules  or  seams  of  chert  are  t 
in  the  adjacent  beds),  and  over  one  small  district  the  lime  has  been  almost  enl 
removed,  leaving  the  silica  and  alumina  behind  in  the  state  of  a  crumbling  pov 
mass,  wliich  was  at  one  time  rather  largely  exported  to  the  English  pott 
Common  clay,  besides  being  mixed  in  variable  proportions  with  sand,  is 
largely  coloured  with  oxide  of  iron,  and  mingled  with  many  impurities.  Any 
finely  divided  mineral  matter,  which  contains  from  ten  to  thirty  per  cent  of  alu: 
and  is  consequently  **  plastic,"  or  capable  of  retaining  its  shape  on  being  moi 
and  pressed,  would  commonly  be  called  clay.  The  existence  of  a  notable  qui 
of  argillaceous  matter  in  a  rock  may  be  known  by  the  earthy  odour  it  give 
when  breathed  upon. 

These  clays  have  a  number  of  varieties,  of  which  the  following  are  the 
cipal : — 

Pipe-clay,  free  from  iron,  white,  nearly  pure. 

Fire-clay,  nearly  or  quite  free  from  iron,  and  from  lime  or  alkalies,  often  coi 
ing  carbon,  which  does  not,  however,  prevent  its  forming  bricks  thai 
stand  the  heat  of  a  furnace.  It  is  probable  that  in  good  fire-clays  the 
and  alumina  exist  in  just  that  definite  proportion  which  on  the  applicatj 
heat  would  combine  into  a  true  silicate  of  alumina. 

Shale,  regularly  laminated  clay,  more  or  less  indurated,  and  splitting  into 
layers  along  the  original  laminte  or  planes  of  de])osition  of  the  ro^  I 
formerly  called  aUUe-cUiy,  as  distinguished  from  clay-slate.  The  coUien 
quarrymen's  terms  for  shale  are  Bind,  or  Bluebind,  Metal,  Plate,  Shiva 
Wtien  very  fine,  and  containing  a  large  proportion  of  carbonaceous  matte 
collier  calls  it  Batt  *  or  Bass,  the  geologist  carbonaceous  (or  bituminous) 
and  the  coal  merchant  often  **  slate."  In  Scotland  the  collier's  term  for 
is  Blaes  {bhies),  the  shales  being  often  bluish-grey ;  when  lumpy,  the 
called  lipcy  blaes  ;  black  soft  argillaceous  shales  (or  batts)  arc  called  **  dai 
the  highly  bituminous  shales  from  which  mineral  oil  is  now  so  laigely  exti 
are  known  as  shale  or  oil-shale,  t  In  the  south  of  Ireland  carbonaceous 
is  calleil  "  kelve,"  or  "  piudy,"  and  indurated  slaty  shale  is  termed  "  pu 
or  **  pencil,"  as  it  is  used  often  for  slate  pencils.  "  Slig  or  sliggeen"  i 
used  indiscriminately  for  shale  and  slate  in  the  south  of  Ireland.  In 
marthenshire  the  coal-measure  shales,  which  are  there  highly  indurate 
called  "bluestone." 

Clunch  is  a  common  name  for  a  tough,  more  or  less  indurated,  clay,  oftei 
sandy. 

Loam  is  a  soft  and  friable  mixture  of  clay  and  sand,  enough  of  the  latter 
present  for  the  mass  to  be  ])ermeable  by  water,  and  with  little  pov 
adherence. 

Marl  is  properly  calcareous  clay,  which,  when  dry,  breaks  into  small  cubit 

*  This  term  of  "  batt "  Is  commonly  applied  in  South  Staffordshire  to  a  lump  of 
coal,  which  will  not  continue  to  bum  in  the  fire,  and  therefore  soon  becomes  ash, 
consequently  of  little  worth ;  the  word  has  gone  out  of  general  use  in  the  English  laoj 
except  in  composition,  where  it  is  retained  in  the  word  "  brick-bat "  for  the  broken  ei 
brick. 

t  Bedpost,  tub  voe.  Coal,  p.  188. 
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DMDti.  The  |iw|wrtkn  of  lime  in  e  mail  mey  r$rj  from  10  to 
r  oent  Xaaj  deyi^  how^tftr^  ue  commonly  bat  ORoneooaly 
whxdi  do  not  oonteiii  Hmfl^ 

marl  fovnd  at  the  Iwttom  of  an  old  pond  or  lakob  oMonaly 
Qie  deoompoiition  of  laoastilne  aheUa^  aome  of  which  mey  often 

one  ia  an  indurated  aandy  olay  or  dayaj  aandatona^  which  aplita 
>  thidc  alaba  or  flaga. 

amoTphoaed  day,  diffaring  from  ahale  in  haring  a  anperindnoed 
put  into  thin  pletea,  whkh  mey  or  may  not  coincide  with  the 
Ation  of  the  rook.    It  will  be  more  pertionlariydeacribed  among 
ihic  roofca. 
:areoiia  day-date. 

the  inooherait  and  nnconaolidated  material!  of  aome  fbnn  of 
xk,  dtbcr  day,  dude,  loam,  or  marl,  according  to  ciienmatancea. 
le  given  to  e  floe^  aigillaoeoiia,  move  or  leoa  attdy  rock,  whidi  ia 
fiflsHei  It  ia,  80  to  apeak,  e  non-fiaaile  ahale.  Claif^f'oek  k  e 
les  given  to  a  higUy  indurated  maaa  of  pore  day,  not  aoft  eooo^ 
without  grinding  and  mixing  in  water,  and  not  laminated  aa 
avedaadate. 

illy  axid  Organioally  fbnned  Aqneooi  Books* 

lay  be  hard  or  soft,  compact,  concretionary,  or  eryitalline.  It 
jbonate  of  lime,  or  contains  Bilica,  alumina,  iron,  etc.,  either  aa 
tures,  or  aa  chemical  deposits  along  with  it.  Different  varietiee 
in  different  localities,  both  geographical  and  geological,  peculiar 
•ften  confined  to  particular  geological  formations  over  wide  areas, 
.  more  frequently  possible  to  say  what  geological  formation  a 
tone  was  derived  from  than  one  of  any  otiier  rock.  No  experi- 
agist  would  be  likely  to  confound  characteristic  specimens  of  the 
ilurian.  Carboniferous,  Oolitic,  and  Cretaceous  formations  of  Britain 
pe|;  while  no  one  could  pretend  to  distinguish  with  certainty,  firom 
tharacters,  between  the  argillaceous  or  arenaceous  rocks  of  those 

IS. 

tone  is  a  hard,  smooth,  fine-grained  rock,  generally  bluidi-grey, 
low,  black,  red,  white,  or  mottled.  It  has  either  a  dull  eiurthy 
p,  splintery,  and  conchoidal  ona  It  will  frequently  take  a  polish, 
>ur  is  a  pleasing  one,  is  used  as  an  ornamental  marble. 
testone  may  be  either  coarse  or  fine  grained,  varying  fh>m  a  rough 
rarioufl  colours,  to  a  pure  white,  fine-grained  one,  resembling  loaf 
This  latter  variety  is  sometimes  called  »aeeharoid  or  gmmUar 
nes  statuary  marble.  The  crystalline  structure  of  limestone  is 
!ien  it  is  often  found  that  each  crystal  is  a  fragment  of  a  fossil,  or 
induced  by  metamorphic  action  on  a  limestone  formerly  compact. 
te,  fine-grained  limestone,  sometimes  quite  earthy  and  pulverulent, 
harder  and  more  compact,  as  the  chalk  of  the  north  of  Ireland,  and 
le  north  of  France. 

lestone  in  which  the  mineral  has  taken  the  form  of  little  spheroidal 
the  rock  looks  like  the  roe  of  a  fish,  fh>m  which  its  name,  dgni- 
Btone,  is  derived.  These  little  concretions  have  severd  coneentrio 
hollow  at  the  centre,  sometimes  enclosing  a  minute  little  grain  of 
ureous,  or  some  other  mineral  substance.  It  is  commonly  of  a 
mr,  but  grey  oolitic  limestone  ia  not  unfrequent  Ita  peculiar 
;  the  character  of  a  freestone,  that  can  be  ont  with  equal  freedom 


i 
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in  any  direction;  whence  its  value  as  a  building  stone.  Bath  stone,  I 
stone,  Caen  stone,  are  well-known  examples  of  oolitic  limestone,  bnt  th< 
stractore  is  by  no  means  confined  to  what  ii  known  as  the  Oolitic  formatic 
many  parts  of  the  Carboniferous  limestone  of  Ireland  *  are  equally  oolitic  am 
valued  as  building  stone,  and  the  structure  occurs  even  among  Ihe  recent  li 
{  of  coral-reefs. 

JPiaoUU  is  a  variety  of  oolite,  in  which  the  concretions  become  as  large 
A  pisolitic  limestone  near  Cheltenham  is  spoken  of  by  the  quarrymen  as  tl 
-    ,  grU.**    It  is  a  structure  not  confined  to  limestone,  however,  as  other  rod 

''  sionally  assume  it,  as  also  the  ores  of  some  metals. 

Many  limestones  are  named  from  their  containing  some  peculiar  va 

fossil,  as  NummulUe^  Clymenia^  Crinoidal  limestone,  and  Shell  limestone  < 

i  eheUuUk,     Others  have  local  names  given  them,  as  the  CcUeaire  grotaier  of 

coarse  limestone,  some  beds  of  which  are  used  for  building,  while  others  ar 
of  broken  shells.  CSpolino  is  a  granular  limestone  containing  mica  and  taj 
joUea,  a  white,  compact  limestone ;  Scaglia,  a  red  limestone  in  the  Alps 
ealeiie  or  Serpentine  limeaUme,  a  fine-grained  limestone,  full  of  veins  and  i 
serpentine  (ophite).  Ireland  especially  abounds  in  a  great  variety  of  lin 
used  for  ornamental  marbles,  such  as  tiie  green  serpentine-marble  of  Bally 
in  Oalway,  the  black  marble  of  Kilkenny,  ^e  brown,  red,  and  dove-coloured 
of  Cork  and  Armagh ;  and  many  others  less  known,  and  some  of  them  un 
but  equally  beautiful  with  those  that  are.  In  Derbyshire  and  North  S 
shire  we  have  a  similar  abundance  of  ornamental  marbles. 

Fre^-wcUer  {lacustrine)  limestonea  have  commonly  a  peculiarity  of  aspe 
which  their  origin  may  sometimes  be  suspected,  even  before  ezaminii 
palnontological  contents,  or  petrological  relations.  They  are  gener&Uy  of 
smooth  texture,  and  either  dull  white  or  pale  grey,  their  fracture  only 
conchoidal,  rarely  splintery,  but  often  soft  and  earthy.  Shell-marl  is  a  sof 
earthy  form  of  fresh-water  limestone,  formed  by  an  aggregate  of  shells,  i 
taining  a  variable  quantity  of  clay. 

Tmvertine,  when  massive,  is  generally  of  a  yellow  or  brown  colour 
smooth  and  compact  texture,  but  is  sometimes  perfectly  crystalline.     It 
mottled  with  concentric  spheroidal  bands  of  colour,  from  an  inch  to  seven 
diameter. 

Stalactites  and  Stalagmites  are  usually  white  or  pale  yellow  in  cole 
sometimes  of  a  darker  yellow  or  brown  colour.  They  are  commonly  ^ 
externally  in  little  ridges,  taking  the  form  of  the  successive  films  of  wa 
trickled  over  the  surface,  while  internally  they  exhibit  concentric  coai 
deposited  by  one  of  these  films.  It  often  happens,  however,  that  radiating 
line  plates,  some  even  half-an-inch  in  diameter,  traverse  these  coats 
obliterating  them,  showing  that  the  whole  has  become  crystalline  internal 
sequently  to  the  formation  of  the  concentric  coats. 
I  SiUceous  Limestone, — The  silica  diffused  through  the  calcareous  mud,  c 

the  limestone  was  composed,  has  sometimes  remained  so  diffused,  ins 
separating  as  nodules  or  layers,  producing  a  cherty  or  siliceous  limesto 
chalk,  masses  of  silica  (/lint)  are  found  abundantly  in  nodules  and  i 
aggregates.  Chert,  a  mixture  of  silica  with  lime,  occurs  in  layers  and 
tions  in  many  limestones.  These  accretions  will  be  described  in  a  sul 
chapter. 

Argillaceous  Limestone. — Clay,  or  argillaceous  matter,  has  fluent 

!  *  The  limestone  in  the  neighbourhood  of  Edenderry,  in  County  Kildare,  and  Ul 

.  of  the  Carboniferous  limestone  of  the  uountiea  of  Limerick,  Tipperary,  Queen's  Cov 

Mayo,  are  perfectly  oolitic  in  structure,  sometimes  more  regularly  so  than  the  mi 
the  oolites  belonging  to  that  which  Is  called  the  Oolitic  formation. 
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vhh  the  eakanona,  producing  argiUaeeow  Umetione,  which  may  be 

lytbe enthy  odour  given  oat  by  it  when  breathed  upon. 

^f^i^^  Limaiome. — Limestone  containing  a  certain  proportion  of  ailica  and 

^^ftnut  mortar  that  aetannder  water,  and  is,  therefore,  called  hydrmdie 

iemdlQg  to  Omelin  it  is  a  maily  limestone,  bat  shoald  not  contain  more 

>  Vpveoit  of  day.    He  saya,  that  hydraulic  mortar  is  a  pasty  admixture  of 

^db,  and  water,  which,  when  immersed  in  water,  is  gradually  converted  into 

'  of  Hn^  containing  water  of  erystalliaation,  and  hardens  to  a  compound 

IngiMlitflL* 

MiMUMit  or  BUmunomt  LimetUme. — Carbonaceous  matter,  derived  either 

t  in^Tegetablea,  or  perhi^  more  frequently  from  the  decomposing  ani- 

■  i^vkoNhaid  parts  the  rock  is  composed,  produces  in  like  manner  the  black 

ins^  wUeh  are  in  aome  instances  cidled  biiumifumt  UmuUme».    Little  nests 

.  ■<&  evbooaceous  matter  are  scnnetimes  found  in  the  hollows  of  shells  buried 

In  some  ngions,  sa  in  the  oil  dirtricts  of  Cknada,  the  cavities  of 

I  ■«  found  filled  with  petroleum  or  mineral  oiL 

AUXMWfftMtf  or  ^SeMJbtoii.— The  fetid  smell,  like  that  of  sulphuretted 

^p^  given  olT  by  many  limestones  when  struck  with  a  hammer,  is  pro- 

Mier  result  of  the  decomposition  of  animal  matter,  producing  whM  ia 

"M  UmtdtmeT  or,  by  the  Germans,  "^  Btikkttein:'    Some  of  the  lime- 

i^nriei  in  the  carboniferous  limestone  of  Ireland  may  be  smelt  at  a  distance 

nindnd  yards  when  the  men  are  at  work,  and  in  one  instance  the  author  was 

by  the  quarry-master  that  the  men  at  work  in  a  particular  part  of  the 

■7  veniometimes  quite  sickened  by  the  stench,  and  had  to  leave  oiT  work  for 
m. 

^ifBMeewtf  LimuUmt  or  Conutone, — Calcareous  sandstone  has  already  been 
yo^  (p.  127),  and  an  arenaceous  limestone  is  very  much  the  same  thing.   Some- 
",  WiieTer,  the  calcareous  matter  predominates  so  largely  over  thie  arena- 
^  the  rock  is  fairly  a  limestone,  and  is  known  as  comsUme,     Some  com- 

^1  ve  qoarried  and  burnt  for  lime,  not  differing  in  composition  from  a  slightly 
looking  limestone,  and  being  either  compact  or  horn-like  or  semi-crystal- 
xtore. 
^^^ffomemtic  Limestone. — Some  limestones  contain  angular  or  rounded  frag- 
^^Mi  of  other  rocks,  and  thus  become  a  conglomerate.  In  the  county  of  Dublin 
1^  of  the  limestones  belonging  to  the  carboniferous  formation  contain  fragments 
Sfrft  pit,  or  slate,  varying  in  size  from  mere  sand  up  to  blocks  of  eighteen 
PhMb diuMter,  and  in  quantity  from  a  few  dispersed  pieces  scattered  through 
'  jyy  until  they  form  a  mere  conglomerate  of  other  materials,  cemented  by 
^'"■oit  inTisible  paste  of  calcareous  matter.  In  the  county  Limerick  we  find,  in 
ai  Mmer,  gradations  from  pure  limestone,  containing  a  few  chips  of  trap  and 
or  I  few  layers  of  trappean  sand,  up  to  a  calcareous  brecciated  tuff,  con- 
fflf  nch  a  mixture  of  calcareous  and  trappean  materials  that  it  is  difficult 
<*«  to  tay  whether  any  particular  bed  should  be  called  a  limestone  or  a  trap- 
■&  Ii  other  parts  of  the  county  Dublin  from  those  above  mentioned,  and  in  the 
■■»  ittaediate  neighbourhood  of  the  granite  hills,  the  limestone  contains  frag- 
**ef  grtnite  varying  in  the  same  way  as  regards  size  and  shape,  but  frequently 
y-gtisr,  and  several  inches  in  diameter,  t  Flat  slabs  of  mica-schist  have 
JJ*J««i  found  imbedded  in  the  limestone  of  Milltown,  near  Dublin,  by  Mr. 
^""flttd  others.     In  the  counties  of  Galway  and  Sligo,  near  Oughterard  and 

U*%ToL  ia..p.  S80. 

•""•were  tnt  described  bj  Dr.  Lentaigne  in  a  paper  read  before  the  Bojal  Dublin 
■■J**  Ittl,  and  a  number  of  specimens  wore  sent  by  him  to  the  Great  KxhlblUon  in 
}?J*ofthityear.  They  were  subsequenUj  brought  before  "»•  noUce  of  the  Geological 
***Ji  DvbUa,  by  Professor  Hangbton. 
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Castlehar,  «t  the  boundary  of  the  limestone  fonnation,  some  of  the  crystalUiM 
crinoidal  limestones  become  so  full  of  angular  fragments  of  crystalline  quartz  that 
their  weathered  surfaces  look  like  a  coarse  quartzose  sandstone.     In  some  parts  tk* 
limestone  has  also  a  weU-deyeloped  oolitic  structure,  so  that  the  rock  may  bt 
described  as  a  "siliceous,  conglomeratic,  crystalline,  crinoidal,  oolitic  limestona** 
These  unrounded  fragments  of  granite  and  mica-schist  may  have  been  derived  from 
the  waste  of  pinnacles  of  the  rock  forming  islets  in  the  sea  in  which  the  limestont 
was  deposited,  or  they  may  in  some  cases  have  been  floated  in  the  roots  of  trees  and 
other  vegetables,  just  as  in  the  present  day  pebbles  of  hard  stone,  highly  vahied 
by  the  natives,  are  found  in  the  roots  of  tre^  cast  up  upon  the  shore  of  archipdi- 
goes  of  coral  islands  in  the  Pacific,  as  mentioned  by  Chamisso  and  Darwin.    Ul 
Godwin  Austen  has  described  the  occurrence  of  a  boulder  of  Scandinavian  granite 
with  sand  and  a  pebble  of  greenstone,  in  the  chalk  near  Croydon,  which  he  behofH 
were  transported  by  ice  from  northern  latitudes.* 

BoUenstone. — Wherever  a  compact  siliceous  limestone  is  weathered  or  deooiip 
posed  by  the  action  of  the  atmosphere,  and  the  calcareous  part  removed,  the  dt 
ceous  skeleton  of  the  rock  is  left,  producing  what  is  known  as  rottenstone.  li 
arenaceous  limestones,  or  calcareous  sandstones  or  trap-tufiEs,  a  similar  dark* 
coloured,  more  or  less  rotten  rock,  is  left  by  the  weathering  out  and  removal  of 
the  calcareous  matter.  In  many  cases  where  a  ferruginous  Ikiestone  decompo6i% 
the  calcareous  parts  are  dissolved  and  removed,  leaving  a  fine  pulverulent  poroti 
mass  of  ochre. 

MsKneaian  Iiimestone  or  Dolomite.— Carbonate  of  magnesia  is  often  fouid 
in  marine  limestones,  mingled  in  various  proportions  with  the  carbonate  of  lioM> 
Its  occurrence  in  small  quantity  frequently  gives  a  sandy  appearance  and  gritty 
feel  to  an  otherwise  smooth  and  compact  limestone.  In  a  Uiie  magnesian  limesttM 
or  dolomite,  the  crystallisation  and  the  pearly  lustre  are  generally  very  distinct 
though  sometimes  the  crystals  are  minute.  Its  colour  is  commonly  some  shade  of 
brown  or  yellow,  occasionally  tinged  with  red  ;  white,  grey,  or  black  varietioi» 
however,  occur  sometimes  over  very  large  areas.  Dolomite  is  frequently  full  of 
cavities  from  the  8i2e  of  walnuts  up  to  that  of  a  man's  head,  and  these  are  oftsi 
coated  with  crystals  of  bitter-spar,  f  Dolomite  is  often  quite  disintegrated,  aoi 
looks  like  a  mere  sand ;  but  when  examined  by  the  lens,  this  apparent  sand  ii 
found  to  consist  of  little  detached  crystals.  Magnesian  limestone  is  very  variaUt 
in  lithological  character.  It  is  sometimes  of  a  powdery,  earthy,  and  friable  teztnrs; 
sometimes  splits  into  thin  slabs,  some  of  which  are  flexible  ;  sometimes  forms  sin* 
gular  concretionary  masses,  as  will  be  described  in  a  following  chapter.  This  rode 
appears  to  be  in  many,  if  not  in  most,  cases  a  product  of  the  gradual  roetamo^ 
phosis  of  ordinary  limestone,  carbonate  of  magnesia  replacing  carbonate  of 
lime.^ 

Q-ypstun  occurs  as  a  rock  in  various  ways.  It  sometimes  forms  regoltf 
beds,  sometimes  irregular  concretionary  masses,  sometimes  veins  and  strings  in  tlM 
mass  of  other  rocks.  Comjxict  Oyps\im  or  Alabaster  %  is  one  variety  ;  gramdoft 
jindy  crysUUiine  gypsum  another.  The  thin  beds  and  the  veins  and  strings  of 
gypsum  are  commonly  fibrous,  the  fibres  being  at  right  angles  to  the  planes  of  tbs 
beds  and  to  the  walls  of  the  veins.  The  gypsum  of  Montmartre,  from  which 
plaster  of  Paris  is  derived,  is  chiefly  granular  gypsum,  each  bed  being  composed 

*  Qwtr.  Jour.  Gtol.  Soc.,  vol.  xiv.  p.  252. 

t  Any  cavity  in  any  rock  lined  with  crystals  of  any  substance  is  called  a  dntsy  cavity. 

X  This  has  been  shown  by  Mr.  Sorby  from  the  microscopic  examination  of  dolomites. 
See  also  the  chemistry  of  dolomitisation  discussed  by  Bischoff,  vol.  ill.  chap.  liii. 

I  Alabaster  is  so  named  from  Alabastron,  a  town  of  Egypt,  where  it  was  mannfkctnred 
into  boxes  for  ointment.  The  term  *' alabaster"  was  then  applied  to  carbonate  of  lime,  tf 
well  as  sulphate  of  lime. 
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rers  of  little  GryBtala,  slightly  differing  in  colour  and  texture,  and  that 
regularly  laminated  appearance.  This  would  lead  us  to  suppose  thst 
^hich  is  associated  with  fresh-water  limestones  and  maris,  was  formed 
idical  deposition  of  layers  of  small  crystals  of  sulphate  of  lime  at  tiie 
be  water. 

alt  commonly  occurs  in  England  and  Ireland  as  a  rudely  crjrstal- 
arly  bedded  mass,  commonly  stained  of  a  dirty  red  by  the  mixture  of 
clay  and  other  impurities.  Perfect  cubical  and  transparent  crystals 
-  occur,  and  curious  spheroidal  bands  of  a  white  colour  are  sometimes 
in  the  roof  of  a  salt-mine.  Bed-like  masses  of  rock-salt  are  often  60 
hick,  thinning  out  probably  in  all  directions,  and  thus  taking  the  form 
es.  In  other  countries,  more  numerous  beds  occur,  but  not  making 
asses.  In  some  of  these  the  salt  is  perfectly  pure  and  white  ;  but  the 
of  salt  with  gypsum,  and  with  green,  red,  and  variegated  mark,  is 
erywhere  a  frequent  if  not  invariable  occurrence.  The  connection  of 
:h  rock-Rait  is  natural  and  almost  inevitable  ;  but  the  accompaniment 
irariegated  clays  has  not  yet  been  explained.  When  it  is,  it  will  pro- 
r  great  light  on  the  circumstances  under  which  the  rock-salt  itself  has 
te»L  Dolomite  is  also  often  found  in  connection  with  rock-salt. 
i  a  terra  rather  of  commercial  than  of  strictly  scientific  language. 
•y  describe  any  rock  which  consists  almost  wholly  of  carbon,  and  which 
jf  being  employed  by  itself  as  fael.  By  geologists  it  is  usually  re- 
tbose  stratified  rocks  which  have  been  formed  by  the  fossilisation  of 
elation  either  on  the  places  where  the  vegetation  grew  or  on  those  into 
0^  drifted.*     It  is  a  word  of  generic  application,  and  includes  many 

vtry  commonly  divided  into  bituminous  and  non-bituminous.  Bitu- 
:jer  a  vague  term,  including  several  combustible  sul^tances,  such  as 

mineral  pitch,  elastic  bitumen  or  mineral  caoutchouc,  naphtha, 
ct<\  These  bituminous  su>jstanci:s  are  all  either  fluirls,  or  are  readily 
.li.-ohol.  It  is,  however,  im]K>s.sibIe  to  dissolve  any  appreciable  portion 
alcohiil,  which  shows  that  it  does  not  contain  any  actual  bitumen, 
lav  <oTjtain  the  constituents  of  it.  The  natural  and  artificial  bitumens 
lit  ''f  the  decomjK>sition  of  vegetable  matter,  and  may  be  extrarrted  also 
y  «*nbjettiiig  it  to  distillation.  They  always  contain  from  7  to  9^  per 
rfr^Tcn,  combine<l  with  carb^m  an<l  oxygen.     The  so-called  bituminous 

are  those  in  which  the  mineralising  i)roce8S  has  only  procewled  to  a 
'rFit,  leaving  a  considerable  proportionate  amount  of  hydrogen  and 
heir  comjiosition  ;  while  those  calle*!  non-bituminous  are  those  from 
reater  quantity  of  the  latter  substances  have  been  extracted,  and  a 

•  •rtion  of  carbon  left  behind.  If  the  decomposition  of  wood  results  in 
'in  of  carbonic  acid  gas,  which  takes  away  both  carlx)n  and  oxygen,  or 
:te*i  hydrogen,  wliich  takes  away  a  large  proiX)rtion  of  carbon,  the 
he  remainder  will  not  be  in  such  excessive  proportion,  and  the  con- 
f  the  resulting  coal  ^ill  more  nearly  resemble  those  of  bitumen.  In 
they  may  h>e  calleil  bituminous  coals.     If,  however,  a  large  portion  of 

and  hy<lrogen  Ije  extracte<l,  either  as  water  or  in  any  other  form,  the 
f4  carrxm  in  the  remainder  Ijecomes  excessive  compared  with  that  in 
oti'in  of  bitumen  ;  and  hence  the  coals  may  be  called  w^m-bituminous. 
nry  greatly,  not  only  in  the  proiK)rtions  of  their  essential  constituents 
hydrogen,  and  oxygen — but  also  in  the  amount  of  earthy  matter  (form 
hii  h  iias  been  accidentally  and  mechanically  mingled  with  those  con- 

The  percent^^je  of  ash  is  sometimes  as  much  as  35  per  cent  in  coals 

•  The  origin  of  coal  is  more  fully  treated  in  a  snbseqaent  chapter. 
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that  hare  been  regaUily  analysed.  In  ])oorer  Tarieties  of  coal,  lioirever,  an 
are  nerer  brongbt  to  market,  but  irbich  are  occasionally  nsed  in  particnlar  1 
ties,  tbis  percentage  must  be  still  greater ;  and  we  bave  in  nature  erery  gradi 
from  pure  coal  into  a  mere  carbonaceons  (commonly  called  bitaminons)  sba 
**  batt,"  whicb  often  contains  enongb  inflammable  matter  to  give  out  flame 
support  combustion  for  a  time  wben  burnt  with  better  coals,  but  soon  paasei 
a  lump  of  ash,  unaltered  in  form,  and  not  retaining  heat  longer  than  a  bnu 
would  under  similar  circumstances.  These  bcUtSf  shales,  or  slates,  often  ac 
pany  coal,  being  found  not  only  either  just  above  or  just  below  it,  but  in 
the  form  of  thin  seams,  layers,  or  cakes,  which  are  oftcoi  not  to  be  separated 
it  without  some  trouble.  Just  as  limestone  is  often  mingled  with  day 
peases  through  argillaceous  limestone  and  calcareous  clay  (or  marl)  into 
itself^  so  coal  passes  through  earthy  or  ashy  coal,  and  carbonaceoua  ahale^ 
oommon  shale  or  clay,  no  very  hard  boundary-line  being  to  be  drawn  betweei 
many  minor  graduating  varieties  of  the  different  substances.  Discarding 
impure  or  imperfect  coals,  the  recognisable  varieties  of  good  coal  are  suffici 
numerous.  They  may  be  grouped  under  three  heads-— anthracite,  ordinal 
pit  coal,  and  brown  coal  or  lignite. 

Brown  Coal  or  Lignite  sometimes  shows  the  structure  of  the  plants 
which  it  is  derived  but  little  altered  from  their  original  condition ;  stems 
woody  fibre  crossing  each  other  in  all  directions.     "  It  is  of  a  more  or  less 
colour,  soft  and  mellow  in  consistence  when  freshly  quarried,  but  becoi 
brittle  by  exposure,  the  fracture  following  the  direction  of  the  fibre  of  the  n 
Other  kinds  present  only  occasional  distinct  indications  of  vegetable  struc 
and  appear  throughout  as  a  stratified  mass  of  a  dark,  nearly  black  colour, 
an  earthy  fracture  ;  while  in  some  varieties  the  structure  is  still  more  dense, 
the  fncture  is  conchoidal."  *     The  latter  varieties,  as  in  the  case  of  the  B 
coal  of  Devonshire,  are  often  scarcely  distinguishable  by  any  external  chara 
ftx>m  some  varieties  of  ordinary  eofd. 

Ordinary  or  Pit  Coal  has  many  varietiee ;  indeed,  these  are  often  as  numc 
as  the  different  seams  of  a  coal-field,  and  even  the  different  beds  of  a  comp 
seam  are  readily  distinguiAhed  from  each  other  by  the  colliers,  who  give  partii 
names  to  them  ;  and  even  small  blocks  of  these  varieties  can  be  recognise< 
them,  and  identified  with  the  seam,  or  part  of  a  seam,  from  which  they  are  der 
Not  only  do  the  different  beds  of  a  compound  seam  present  distinguishable  v 
ties,  but  it  sometimes  happens  that  the  very  same  identical  layer  of  coal  cha 
its  character  and  quality  in  different  parts  of  its  area.  Neither  are  these  diff 
tions,  which  are  only  to  be  perceived  after  long  practice,  unimportant,  since  1 
varieties  have  distinct  qualities,  some  of  them  being  better  adapted  to  smell 
and  said  to  be  *'  good  furnace  coal ;"  some  of  them  to  blacksmith's  worl 
"good  shop  coal;"  others  to  various  uses;  while  only  a  few,  comparati^ 
are  best  fitted  for  domestic  purposes,  and  are  brought  to  market  by  the 
merchant,  f 

Some  idea  of  the  number  of  varieties  of  coal  may  be  gained  from  an  inspet 
of  the  report  of  the  Admiralty  Coal  Investigation,^  as  well  as  from  the  var 
qualities  of  those  which  we  are  in  the  habit  of  using  daily  in  our  houses, 
many  as  seventy  denominations  of  coal  are  said  to  be  imported  into  London  alon 
All  these  minute  varieties  are  commonly  included  under  four  principal  he 
1.  Caking  Coal  is  so  named  from  its  fusing  or  running  together  in  the  fire,  s 
to  form  clinkers,  requiring  frequent  stirring  to  prevent  the  whole  mass  t 

*  Chemical  Technology,  Ronalds  and  Richardson,  voL  L  p.  82. 

t  See  MtmoWt  o/Gtol  Survey ^  SotUh  Staffordshirt  Coal-Jltld,  2d  edition,  p.  18. 

t  Menu.  GtoJog.  Survey,  voL  i. 

I  Ronalds  and  Richardson,  CKem.  Tech. 
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'.  It  liTMki  oommonly  into  iiiuJl'fragin«nti  with  %  short  unoTeii 
Newcastle  ooaI,  and  many  others  from  diiferent  localities,  are 
They  leaye  many  cinders  and  a  dark  duty  ash.  2.  SpUnt  or 
veil  known  in  the  Scottish  coal-fields.  It  is  not  easily  broken, 
kindkd,  thongh  when  lighted  it  affords  a  dear  lasting  fire.  It 
mnch  larger  blocks  than  the  caking  coals,  and  is  now  largely 
R-coaL  8.  **  Cherry  or  Soft  Coai  is  an  abnndant  and  beautiful 
black  in  colour,  with  a  slight  intermixture  of  grey.  It  has 
hining  rssinons  lustre,  does  not  cake  when  heated,  has  a  dear 
B  easily  frangible,  and  readily  catches  fire."  *  It  leares  compara- 
ers,  and  its  ash  is  white  and  light.  It  requires  little  stinring^ 
a  cheerful  flame  and  heat  The  Staffordshire  coals  prindpally 
iriety.  4.  Ccumd  or  Parrot  Coal  is  called  cannel  from  its  burning 
oe  like  a  candle,  and  parrot  in  Scotland  from  its  crackling  or  diat- 
nt.  Cannel  coal  Taries  much  in  appearance,  from  a  dull  earthy 
iny  and  waxy  lustre.  It  is  alwajrs  compact,  and  does  not  soil  the 
icture  is  sometimes  shaly,  sometimes  conchoidaL  The  bright 
I  often  bum  away  like  wood,  learing  scarcely  any  cinders  and  only 
h.  The  duller  and  more  earthy  kinds  leave  a  white  ash,  retaining 
size  and  shape  aa  the  original  lumps  of  ooaL  Cannel  coal  often 
lish,  and  can  be  worked  into  boxes  and  other  artidea. 
reme  Tariety  of  cannd  coal  in  one  direction,  aa  6at<  or  carbonaceous 
ler. 

8  heavier  than  common  coal,  with  a  glossy,  often  iridescent  lustre, 
pletely  mineralised  appearance.  It  rarely  soils  the  fingers,  has  a 
-edged  conchoidal  fracture,  or  else  breaks  readily  into  small  cubical 
ot  easily  ignited,  but  when  burning  gives  out  an  intense  heat,  so 
s  melt  the  bars  of  the  grate  or  furnace  in  which  it  is  used.  It 
and  gives  off  but  little  smoke,  being  in  this  respect  similar  to 
1  In  many  ordinary  coals  little  flakes  of  mineral  charcoal  occur, 
part  of  the  vegetable  structure  called  the  vascular  tissue.  They 
>ther  of  coal"  by  the  colliers  in  some  places.  It  is  frequently 
m  of  a  thin  silky  coating,  covering  some  of  the  surfaces  of  the 

'  CUet  of  Coal. — Most  coals  have  a  peculiar  structure,  which  bears 
r  to  the  crystallisation  of  a  mineral  They  break  or  split  not  only 
iDg,  but  across  it,  along  two  sets  of  planes  at  right  angles  to  the 
each  other.  The  smooth  clean  faces  produced  by  one  of  these  planes 
xl  and  regular  than  those  produced  by  the  other,  as  may  be  seen  by 
lump  of  coal.  The  principal  of  these  division  planes  are  called  by 
/ac«  of  the  coal,  the  other  being  called  the  hack  or  end  of  the  coal. 
their  parallelism  sometimes  over  very  wide  areas ;  and  the  mode  of 
:ing  the  coal,  and  the  direction  of  the  galleries,  is  governed  by  the 
»e  face.  It  is  a  structure  which  is  probably  the  result  of  the 
ocess  undergone  in  passing  from  an  organic  to  an  Inorganic  state, 
baps,  from  an  incoherent  to  a  consolidated  condition,  and  is  a 
JDt"  structure  of  rocks,  under  which  head  it  will  be  spoken  of  in  a 
Pter.t ^ 

di  Richardson,  CAmi.  Ttek. 

I  examiiuUion  exhibits  not  only  the  vascular  but  the  celluUr  tissue  of  plants 
of  many  coals,  as  was  ahown  by  Mr.  Witham  in  his  work  on  the  structure 
ind  Uy  many  observers  since.  See  also  Harkness,  Kdin,  Ntw  PhU.  Jwrjud, 

•II. 
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Comporitum  of  Coals, — ^The  foUowing  analyses  sliow  the  chemical  oonstil 
in  some  of  the  principal  varieties  of  coal : — 

Lignite.  Splint  CoaL  Cannel  CosL  Antbi 

Carbon          .        .         710  79  58              66*4  91* 

Hydrogen      .                    47  6-50                7*54  8* 

Oxygen         .         .      )  no.o  S'SS              1084  2' 

Nitrogen                 ,      )  ^'l^                 1-86  0* 

Earthy  substances            2*1  5*46              13*82  2* 

Under  the  head  of  shale,  in  a  previons  page  of  this  chapter,  referenc 
made  to  certain  highly-bituminous  strata  which  are  now  much  employed  i 
manufacture  of  paraffin  oil,  and  to  which  the  name  of  Oil-shale  has  been 
in  commerce.  These  strata  are  in  a  geological  sense  true  shales.  They  con 
fissile  argillaceous  layers,  highly  impr^nated  with  bituminous  matter,  and 
their  extreme  limit  on  the  one  hand  passes  into  common  shale,  on  the  ot 
graduates  into  cannel  or  parrot  coaL  Of  these  oil-shales  the  richer  Tarietia 
from  SO  to  40  gallons  of  crude  oil  to  the  ton  of  shale.  They  are  distingi 
from  non-bituminous  or  feebly  bituminous  shales  by  a  p^uliarity  which  i 
marked  throughout  the  shale  districts  of  Scotland — yiz.  that  when  a  thin  ] 
is  cut  along  a  surface  of  shale  it  curls  up  in  front  of  the  knife,  and  leaves  a 
lustrous  streak.  Some  of  the  shales  in  that  district  are  crowded  with  the 
of  entomostracan  crustaceans,  and  it  is  possible  that  the  bituminous  mattei 
in  some  cases  have  resulted  from  animal  organisms,  though  the  abundai 
plant  remains  in  the  adjoining  strata  indicates  that  it  is  probably  in  most  a 
vegetable  origin.* 


in.— AFiRTATi   HOCKS. 

The  deposits  accumulated  by  atmospheric  agencies,  such  as 
sand,  soil,  and  brick-earth,  do  not  form  important  rock-masses  su 
we  have  liitherto  been  considering.  But  the  study  of  their  fonn 
is  of  the  highest  consequence  in  enabling  us  to  imderstand  the  pitx 
by  which  the  surface  features  of  the  earth  are  modified.  Thej 
therefore  be  more  fitly  noticed  imder  the  section  which  treats  of  [ 
gical  agencies. 

IV.— MBTAMOBPHIC  KOCK& 

The  rocks  which  are  now  to  be  described  have  received  the 
metamorphic,  or  altered,  to  indicate  the  fact  that  they  are  sedime 
(or  in  some  cases  igneous)  rocks  which  are  not  now  in  their  or 
condition,  but  have  been  subjected,  at  a  greater  or  less  depth  with 
crust  of  the  earth,  to  a  process  called  metamorphism,  whereby 
arrangement  of  their  constituent  elements  has  been  eflfected,  a 
most  cases  a  crystalline  texture  has  been  developed.  The  nati 
this  process  will  be  more  properly  noticed  in  a  subsequent  oh 

*  Besides  the  entomostraca  referred  to  in  the  text,  scales  of  several  species  o 
ganoid, fishes  (Patooni«cw«,  AmblyptcnUt  etc.),  are  often  abundant  in  the  shales,  whili 
lites  of  some  of  the  larger  ganoids  (MegalicfUhys  and  Jlhi*odu$)  are  not  uncommon. 
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Qt  we  are  concerned  with  the  character  and  composition  of  the 
mselves. 

oetamorphic  rocks  may  be  divided  into  two  sub-groups,  those  in 
•  original  mineral  texture  is  still  recognisable — the  particles, 
hey  may  have  altered  their  form  and  state,  not  having  entered 
combinations — and  those  where  such  new  combinations  have 
iced.  The  former  sub-group  will  accordingly  consist  of  altered 
I,  argillaceous,  and  calcareous  rocks,  while  the  members  of 
may  be  arranged  in  three  sections — the  compact  or  crypto- 
,  the  schistose,  and  the  crystalline-granular  or  granitic 

SUB-GROUP  I. 

a.  Metamorphosed  Arenaceous  Bocks. 

•Rock  or  Quartsite  is  a  compact,  fine-grained,  but  distinctly  grana« 
7  hard,  frequently  brittle,  and  often  so  divided  by  joints  as  to  split  in 
$  into  small  angular  but  more  or  less  cuboidal  fragments.  Its  colours 
:  some  shade  of  yellow  or  white,  passing  occasionally  into  red,  and  at 
into  green.  When  examined  with  a  lens  it  may  be  seen  to  be  made 
Tains,  which  appear  to  be  imbedded  in  a  purely  siliceous  glassy-looking 
lis  c<?mentation  or  semi-fusion  of  the  grains  shows  at  once  that  it  is  a 
lii<'h  has  been  altered  and  indumted  by  the  action  either  of  heat  alone 
water.  Quartz-rock  forms  ranges  of  lofty  mountains,  as  among  the 
H'i  Western  Islands  of  Scotland,  where  it  occurs  as  one  of  the  members 
ietamr)ri)hic  series.  Along  the  sides  of  many  trap-<iykes,  sanristone 
r  the  dykes  is  found  to  be  indurated  into  quartz-rock,  and  sometimes 
columnar,  the  columns  ranging  outwards  from  the  surface  of  the 

lent  must  carefully  distinguish  between  quartz-rock  or  quartzite,  as 
e«l,  and  pure  vein-qiuirtZy  which  occurs  sometimes  as  a  white  compact 
hiiieralile  mass,  but  always  as  a  vein  traversing  other  rocks.  It  has 
KTanular  structure  characteristic  of  quartz-rock.  The  "  quartz-rock," 
ken  of  in  Australia,  is  rarely,  if  ever,  true  quartz-rock,  but  vein-quartz ; 
e«i  bed  of  sandst<me  contemporaneous  with  the  rocks  in  which  it  lies, 
ition  in  a  vein  or  fissure  produced  subsequently  to  the  consolidation 
s  it  traverses.  In  a  collection  of  European  rocks  purchased  from 
Bonn  by  the  Museum  of  Irish  Industry,  among  seven  specimens 
1   qaartzite,   at   least   five   were  undoubtedly   vein-quartZf   and  not 

acke. — A  name  given  to  certain  forms  of  altered  sandstone.  Grey- 
conipact  aggregate  of  rounded  or  angular  grains  of  quartz,  felspar, 
ica,  ccmentefi  by  a  siliceous,  argillaceous,  or  felspathic  base.  It  is 
loiue  shaile  of  grey,  but  may  be  brown,  red,  or  blue.  The  distinguishing 
Teywacke,  as  compared  with  sandstone,  is  in  the  comjMict  base  and  the 
ich  the  grains  seem  often  to  pass  into  the  base.  In  some  varieties, 
» often  difhcult  to  distinguish  any  rounded  grains,  and  then  the  rock 
e  asjKfct  of  a  microcrystalline  igneous  rock.  This  is  especially  the  case 
gr«ywacke  is  very  felspathic,  as  it  is  in  Ayrshire  and  other  parts  of 


See  below,  under  the  term  **  Metamorpbio  Porphyry.** 
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fi,  ICetamorplioflied  ArgiUaceouB  Books. 

Flinty-«late  (Iiydian-ctoneX — Claj  or  shale  has  been  in  some  eases,  i 
that  of  the  Lias  of  Portrash,  converted  by  contact  vrith  a  lai^ge  mass  of  ign 
rock  into  a  smooth,  hard,  brittle,  splintery  black  rock.  The  fossils  in  the  fli 
slate  of  Portmsh  are  still  perfectlj  preserved,  though  the  rock  is  so  hard  a 
have  been  originally  described  as  basalt,  and  adduced  by  the  Wemerians  as  a  p 
of  the  aqueous  deposition  of  basalt  Many  of  the  more  siliceous  shales  <tf 
lower  Silurian  Series  of  the  South  of  Scotland  have  been  converted  into  a  sin 
substance.  Lydian-etone  was  used  as  a  test  for  the  precious  metals,  their  rels 
purity  being  shown  by  the  nature  of  their  streak  upon  the  stone.  Other  alti 
day-rocks  are  known  as  PorceUanite  or  Pareelain-Jatper,  having  a  texture 
I>oreelain. 

Claj-Slaie  is  a  fine-grained  fissile  rock,  differing  from  shale  in  being  all 
highly  indurated,  and  splitting  into  plates  that  are  independent  of  the  orig 
bedding  of  the  rock,  sometimes  coinciding  with  it,  but  frequently  crossing  it  a1 
an^ea.  This  fissile  structure  or  "  cleavage  "  is  a  superinduced  metamorphie  < 
The  original  bedding  or  lamination  of  the  rock  may  frequently  be  traced,  evei 
hand  specimens,  by  means  of  parallel  lines  or  bands  of  different  colour  and  teij 
traversing  the  slate.  These  bands  are  called  by  Professor  Sedgwick  the  "stri; 
of  the  slate.  Clay-elate  is  generally  of  a  dull  blue,  grey,  green,  or  black  ool 
sometimes  "  striped,"  sometimes  irregularly  mottled.  The  '*  cleavage  "  of  si 
will  be  treated  of  in  the  next  part  of  this  work  as  a  petrological  structure. 

7.  Metamorphosed  Calcareous  Books. 

Altered  Ijimeatone. — This  was  formerly  called  Primitive^  and  is  ova 
the  present  day  often  called  Primary  Limestone.  Since,  however,  it  is  kn 
that  many  crystalline  limestones  are  not  Primary,  that  the  statuary  marUo 
Italy  and  Greece,  for  instance,  are  some  of  them  Seo>ndary,  and  some  even  Tert 
limestones  in  a  metamorphosed  state,  it  would  seem  better  to  disuse  the  t 
primary  as  a  mere  lithological  designation.  Some  limestones  were  origin 
formed  as  crystalline  limestones,  just  as  many  parts  of  a  coral  reef  and  » 
stalactites  are  crystalline  internally.  Others,  however,  have  certainly  been  < 
made  to  assume  the  crystalline  structure  at  a  period  subsequent  to  their  format 
In  the  well-known  experiments  of  Sir  James  Hall,  it  'was  shown  that  even  cl 
could  be  converted  into  a  hard  crystalline  marble,  by  being  heated  under  sue 
pressure  as  should  prevent  the  escape  of  the  carbonic  acid  gas. 

The  chalk  of  the  north  of  Ireland  is  all  harder  than  that  of  England,  and 
never  be  used  for  making  a  mark  on  wood  or  stone.  Where  penetrated  by  t 
dykes  it  is  altered  into  a  hard,  grey,  semi-crystalline  limestone  in  some  place 
others  into  a  coarsely  crystalline  white  marble. 

Saecharoid  or  statuary  marbU  is  a  white  fine-grained  crystalline  rock  reaeml 
loaf-sugar  in  colour  and  texture,  working  freely  in  any  direction,  not  liabl 
splinter,  slightly  translucent,  and  capable  of  taking  a  perfect  polish.  Ck>noe 
flakes  of  mica  or  chlorite  sometimes  exist  in  it,  as  may  be  seen  on  examining 
weathered  surfaces  of  some  of  the  ancient  statuary  in  the  British  Museum 
elsewhere. 

In  some  saecharoid  limestones,  however,  as  in  those  which  occur  largel 
Donegal,  plates  and  layers  of  white  silvery  mica  are  much  more  abundant.    S 
of  the  beds  of  white  saecharoid  limestone  split  into  plates  not  one-tenth  of  an 
in  thickness,  which  are  coated  with  micaceous  flakes  of  a  silvery  lustre,  fori 
very  pretty  specimens,  but  destroying  the  use  of  the  rock  for  architectural 
statuary  purposes.     Some  of  the  beds,  however,  afford  considerable  blocks 
from  mica. 
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rwietifli  of  tlteni.  fimeitoiia  ue  Tirioualy  colonrad,  and  more  lugtly 
leljr  erysUUine.  Tlw  white  or  coloured  kindB,  which  will  Uke  «  polish 
be  BNd  in  the  arts,  are  called  xnarble. 

mite  hst  alreadj  been  described  as  one  of  the  Tarieties  of  limestone.  It 
f  if  not  in  most  cases,  howerer,  the  result  of  an  alteration  of  common  lime- 
boDste  of  msgnesia  npladng  carbonate  of  lime.  It  is  generally  perfectly 
gather  in  large  or  small  granules,  and  has  often  aporous  texture,  so  that 
iline  grannies  can  be  seen  to  touch  each  other  at  only  a  few  points.  This 
m  to  be  essily  disintegrated,  and  fall  into  a  kind  of  sand  consirting  of 
yittls  of  bitter-spar.  It  is  often  more  largely  cellular,  having  drusy 
led,  snd  sometimes  filled,  with  large  crystals  of  bitter-spar.  The  colours 
Uy  yellowish-white,  yellow,  or  brown,  sometimes  reddish.  In  some  dolo- 
il  iheUs  occur,  which  on  examination  show  that  the  original  carbonate  of 
iteD,  particle  by  particle^  remoYed,  and  replaced  by  carbonate  of  mag- 
c  carbonate  of  magnesia  seems  to  have  been  added  to  the  rock  Arom 
nal  source,  or,  perhaps,  in  some  cases,  to  have  been  originally  diffused 
roportion  through  the  whole  mass  of  the  limestone^  and  subsequently 
id  ftlong  certain  lines,  or  into  certain  irregular  spaces,  so  ss  there  to  form 
obmite,  and  leave  the  rest  of  the  rock  a  pure  carbonate  of  lime.  The 
olomite,  often  traversing  limestone  like  vertical  walls,  are  six>ken  of  in 

snd  Yorkshire  as  dututone,* 
ire  some  rocks  called  Serpentixie,  interstratified  with  highly  meta- 

rocks  <Iike  the  serpentine  marble  of  Ballynahinch,  Oalway),  which  are 
e  extreme  metamorphic  form  of  a  siliceous  magnesian  limestone,  the 

liein^  converted  into  silicates.  Sir  W.  Logan,  director  of  the  Geological 
Tviada,  assured  me  that  he  had  in  that  conutry  traced  serpentines  which 
^SMeil  into  beds  of  unaltered  magnesian  limestone.  Mr.  Sterry  Hunt 
he  association  of  serpentines  (or  ophiolites)  and  ophicalcitcf 

SUB-GROUP  IL 

.is  division  all  trace  of  the  original  texture  of  the  rocks  is 
nd  in  its  place  a  new  texture  and  minerological  composition 

developed.  The  student  will  afterwards  perceive,  when  we 
consider  the  process  of  Metaniorphism,  that  as  the  metamorphic 
bave  been  effected  gradually  and  with  varying  intensity,  so 

with  rocks  in  all  stages  of  change.  Hence  it  sometimes  be- 
fficult  to  determine  to  what  rock>species  some  particular  speci- 
aaes  should  be  assigned,  the  transitional  forms  are  so  abundant, 
ir  indffiniteness  and  variations  so  great  Add  to  this  that  in 
at  branch  of  our  subject  a  vast  deal  of  research  still  requires 
irried  on  before  our  knowledge  of  it  can  be  considered  at  all 
surate  with  its  importance.  The  following  grouping  is  con- 
QDRatisfactorj,  and  is  proposed  merely  provisionally  until  it  is 
!  by  further  research. 

a.  Compact  or  Crypto-cryBtalline. 
la  this  title  is  here  included  a  series  of  rocks,  many  of  which 

^tht  eoBvetsion  of  limestone  Into  dolomite  see  Bisohoff,  vol.  iti.'dhap.  Hit. 
t  B^ori  q/lAs  Giologiaa  Survey  qf  Canada  M 18M  and  1859. 
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are  still  very  imperfectly  known.     Some  of  them  have  manifestly 
suited  from  the   metamorphism  of  highly  felspathic  sandstones 
aigillaceous  strata,  and  now  appear  with  many  of  the  characters  of 
phyritic  and  other  truly  igneous  rocks. 

Serpentine  {Ophitet  OphioliU), — ^This  rock  has  already  been  alluded  to  ( 
timately  associat^^with  altered  limestones,  and  is  itself  probably  in  many  ca 
further  stage  in  the  metamorphism  of  magnesian  limestone.  But  it  may  dout 
be  sometimes  the  result  of  the  metamorphism  of  augitic  or  homblendic  or  oil* 
bearing  rocks.  It  is  compact,  dull,  usually  some  shade  of  dirty  green,  with  a  splii 
fracture,  and  easily  scratched.  It  may  be  briefly  described  as  a  hydrated  silica 
magnesia.  It  occurs  sometimes  in  small  veins  and  layers  associated  with  limesl 
sometimes  in  large  masses  which  trend  with  the  strike  of  the  surroxmding  n 
and  form  ranges  of  hills.  The  following  analysis  of  Dr.  Haughton  shows 
chemical  composition  of  a  red  serpentine  from  Cornwall : —  * 

SUica 88-29 

Protoxide  of  iron 13*60 

Magnesia  34*24 

Loss  by  ignition  or  water      .         .         .         .         12*09 

98*12 
The  specific  gravity  of  serpentine  is  about  2*5. 

Metamorphio  ForphyrieB. — In  the  county  of  Ayr  the  lower  Silurian  r 
and  the  lower  Old  Red  Sandstone  show  some  remarkable  examples  of  meta: 
phism.  In  the  neighbourhood  of  Ballantrae  the  Silurian  greywacke,  which  is  ( 
highly  felspathic,  is  altered  into  various  dull,  compact,  or  finely-crystalline 
porphyritic  rocks.  Conglomerate  also  is  found  passing  into  similar  dull  ««] 
masses,  which  are  sometimes  full  of  vesicles  like  an  amygdaloid.  These  rock 
associated  with,  and  run  more  or  less  parallel  to,  masses  of  serpentine,  diorite, 
syenite.    Their  true  chemical  and  lithological  relations  are  still  to  be  determii 

/3.  Sohistose. 
The  Schistose  Rocks  are  those  which  have  a  schistose  or  foli 
texture. 

"  Foliation  "  is  a  terra  applied  by  Professor  Sedgwick  $  to  those  rocks  f 
have  had  such  a  subsequent  texture  and  structure  given  to  them  as  to  split 
plates  of  difi'erent  mineral  matter,  either  with  the  bedding  or  across  it. 
rocks  are  called  "  schists."  Cleavage  indefinitely  splits  a  rock,  either  witl 
beds  or  across  them,  without  altering  its  mineral  character,  and  thus  pnx 
"alate."  Lamination  will  then  be  the  remaining  term  applicable  to  ''shale,' 
signifying  the  splitting  of  a  rock  into  the  original  layers  of  deposition.  Vi 
therefore,  we  wish  to  be  precise,  we  can  speak  of  the  foliation  ottchist,  the  da 
of  slate,  and  the  lamination  of  shale. 

Mioa-sohist  consists  of  alternate  layers  of  mica  and  quartz,  the  mica  gene 
formed  of  a  number  of  small  fiakes  f^mly  compacted  together,  and  the  q 
more  or  less  nearly  resembling  retn-quartz.     Many  mica-schists,  however,  co 

*  PkH,  Mag.  X.  253. 

t  They  have  been  mapped  by  the  Qeological  Survey,  and  are  described  by  If  r.  J 
OeiUe,  Quart,  Jour.  Otcl.  Soc.^  vol  xxii.  p.  618.  See  also  Catalogue  afBotk  Sptdmefu 
BdinJbwrgh  ifu«eu«s  pp.  49  and  54-6. 

t  See  his  paper  on  the  "  Structure  of  Large  Mineral  Masses  **— ^Teoto^iooZ  TromML 
voL  ML  pp.  479  and  480.    For  ftirther  remarks  on  Foliation,  see  Chap.  X. 
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T  little  quartz,  and  seem  scarcely  to  differ  from  clay-slate  or  shale, 
shining  surfaces  of  their  plates  or  folia,  which  look  as  if  all  the 
hich  they  were  originally  composed  had  been  blended  together  so  as 
iger  separable.  Mica-schist  has  often  a  minutely  corrugated  or 
Qcture,  the  layers  being  bent  into  sharp  Vandykes  of  one,  two,  or 
in  height  and  width.  The  separation  into  layers,  or  foliation  of 
enerally  coincides  with  the  original  bedding  of  tiie  mass,  but  some- 
independent  of  it.  In  the  latter  case,  it  may  in  some  cases  have 
iction  of  a  previously  existing  cleavage.  The  foliation  would  indeed 
r  the  dominant  divisional  planes  of  the  rock,  whether  bedding  or 

:ottish  Highlands  some  of  the  mica-schists  pass/  into  strata  which 
from  fissile  micaceous  sandstones.  On  the  other  hand,  many  soft 
tons  sandstones  seem  to  require  only  a  little  induration  and  blending 
:]es  to  form  *'  mica-schist."  In  parts  of  the  New  Red  Sandstone  of 
D<1,  the  rock  is  so  highly  micaceous  as  to  split  into  thin  flags  of  a 

inch  in  thickness  and  a  foot  in  diameter  ;  and  these  can  be  split  by 

still  finer  flakes,  all  the  surfaces'  glittering  with  micaceous  lustre. 
( it  is  obvious  that  the  mica  was  deposited  in  layers  of  mica  spangles 
d.  But  it  is  conceivable  that  a  minor  degree  of  metamorphdsm 
in  such  rocks  to  form  mica,  in  addition  to  that  already  existing,  and 
t,  perhaps,  coalesce  into  layers,  leaving  the  quartz  grains  of  the  sand- 
mediate  layers  of  quartz.  The  student  must  be  careful  to  distin- 
n  rocks  originally  micaceous  in  consequence  of  the  deposition  of 
ic.i  t«>gether  vni\\  the  other  materials,  and  those  in  which  the  mica- 
and  the  tendency  to  split  into  micaceous  folia  are  the  result  of 
etainorphic  action,  producing  mica  where  it  did  not  before  exist,  or, 

was  not  apparent.  It  is  to  the  latter  only  the  term  miai-schist 
>lie*.l. 

-Schist. — A  schistose  aggregate  of  chlorite,  usually  with  a  little 
ften  with  felspar,  mica,  or  talc.  Potstone  is  a  more  massive  form  of 
t,  and  receives  its  name  from  the  fact  that  it  can  be  turned  in  the 
rke»l  into  articles  of  domestic  use. 

list. — A  schistose  aggregate  of  scaly  talc  laminae,  usually  with 
.jkor. 

:e  {LeptynUCf  Schistose  Euritu). — A  schistose  aggregate  of  felspar  and 
scatteretl  garnets.  The  felspar  (probably  both  orthoclase  and  a 
1s[>ar)  is  the  pre<lominant  ingredient,  and  in  it  the  quartz  occurs  as 
nii  or  very  thin  lamella. 

Bock  {^horlac^AAis-Hchist,  Twirmaline-Rock)} — An  aggregate  of 
iirtz  and  of  schorl  (tourmaline),  sometimes  schistose,  sometimes 
.  sometimes  compact.  Several  other  allied  rocks  may  be  mentioned 
iwt,  consisting  of  quartz  and  lithia-mica  ;  Eclogite,  a  granular  aggre- 
green  smaragdite  and  red  garnet ;  Oamet-Rock,  garnet,  hornblende, 

iron. 

nde-Scliiat  consists  of  dark-green  or  black  hornblende,  the  particles 
-ogether,  and  lying  in  one  i)revalent  direction,  so  as  to  give  a  schis- 
When  the  mass  loses  its  schistose  character  and  becomes  a  crystal- 
e  of  hornblende,  it  is  known  as  Hornblende  Rock. 
te-Bohlst  is  a  variety  of  hornblende -schist,  the  mineral  actinolite 
ace  of  common  hornblende.     With  regard  to  this  and  similar  schists, 

»y,  Qrtart.  Jour.  Gtol.  Soc.  Ix.  172.    The  coincidence  of  foliation  with  bedding 
Ush  Highlands  is  insisted  on  by  Sir  R  Murchison  and  Mr.  Oeikie,  op.  cU, 
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e^s  not  to  be  distingnished  from  granite,  but  its  petrological  relations 
be  a  metamorphic  rock,  in  conseqnejice  of  its  bedded  character  and  its 
Tstratification  with  every  variety  of  mica-schist  and  gneiss,  and  that  often 
mnre  than  a  few  feet  in  thickness.  There  seems  to  be  a  regular  alternation 
e  most  granitic  and  the  most  earthy  schistose  bed,  the  extreme  varieties 
lying  in  direct  apposition  against  each  other,  sometimes  separated  by 
«  gradations.  The  granitic  beds,  too,  are  certainly  not  intrudetl  veins, 
>Dly  between  the  other  rocks,  and  were  evidently  contemp<^raneons  with 
Donegal  and  Connemara  again  large  tracts  of  por])hyritic  granite,  in 
ice  of  foliation  is  perceptible  for  many  miles,  are  found  to  exhibit  a 
rangement  of  their  mica-plates  as  we  approach  their  boundaries,  and 
space  of  half-a-mile  or  so  to  lose  their  porphyritic  character,  become 
d,  and  gradually  assume  a  foliated  structure,  and  eventually  pass  into 
itihed  beds  of  various  characters,  but  with  no  resemblance  to  granite. 
Aervations  on  these  rocks  will  be  made  when  we  are  examining  the 
cleavage  and  foliation. 

ifratir  Jfiai-Schht  or  Gneiss, — In  the  pass  of  the  Tete  Noire,  between 
nd  Chamounix,  the  traveller  may  see,  just  opposite  the  door  of  the 
Hotel,  even  a  conglomerate  converted  into  a  metamorphic  rock.  Tliis 
i\  agcregate  of  mica-flakes,  enclosing  and  surrounding  pebbles  of  white 
ch  vary  in  size  from  that  of  a  nut  to  that  of  a  man's  head.  The  mica 
•'^sited  in  worn  spangles  as  a  mere  micaceous  sandstone  or  clay  enclosing 
}\*rs  :  or  if  it  was  so  forme<l,  those  woni  niicnceous  spnngles  have  been 
Ti'l  t^'gfther  again,  ami  form  a  rough  mica-schist,  enveloping  the  jwbbles 
u«4  flake>;  like  any  otlier  mica-schist. 

coiiiiloinerate  alsc)  occur  among  the  mica-schists  of  the  N.W.  of  Ireland, 
Winjj;  enveloped  in  mica-schist,  and  sometimes  having  a  micaceous  glaze 
rfacf  s,  so  as  to  prove  the  "  micacisation  "  of  the  rock  to  have  been 
>  it  subsequently  to  its  formation.  Tlie  same  fact  has  been  noticed  by 
among  the  clay -slates  of  the  island  of  Bute. 

7-  Crystalline-granular  or  Granitic. 

L*  .fterie.s  of  metamorphic  rocks  are  included  those  in  which, 
trace  of  the  original  texture  has  disappciired,  the  component 
have  re-arrange<l  themselves  into  new  mineralogical  combina- 
l  have  assumed  a  crystalline  texture  quite  undistinguislmble 

of  rocks  ordinarily  called  igneous.  Between  rocks  of  this 
the  more  crystalline  varieties  of  the  schists  tliere  is  the  closest 
lip.  It  has  already  been  remarked  that  gneiss  and  granite  are 
uetimes  to  pass  into  each  other,  and  that  there  is  no  mineral- 
Terence  between  the  two  rocks  ;  their  distinction  being  merely 
lorjihous  crj'stalline  aggregation  of  the  one,  and  in  the  schistose 
f  the  other.  It  was  likewise  mentioned  that  gneiss  is  found 
1^'  with  and  passing  into  mica-schist,  while  mica-schist  in  turn 
^  into  the  less  highly  metamorphosed  varieties  of  metamorphic 
<1  those  again  into  sedimentary  strata  that  have  not  been  meta- 
^    Hence  we  can  trace  a  gradual  series  of  stages  in  the  alter- 

rocks,  until  we  pass  finally  true  crystalline  granite.     When, 

r,  we  proceed  to  study  the  rocks  in  the  field,  we  find  that,  at  least 

cases,  the  granite  is  not  found  disrupting  the  stratified  rocV^, 
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but  occupyiDg  their  place,  and  that,  after  tracing  them  up  to  the  granit 
ou  the  one  side,  we  find  them  re-appearing  on  the  other  with  the  sain 
dip  and  strike.  From  these  and  further  observations,  to  be  described  ii 
a  subsequent  chapter,  it  has  been  inferred  that  granite  must  be,  at  letf 
in  many  cases,  a  truly  metamorphic  rock — the  ultimate  result  of  th 
metamorphism  of  which  mica-schist  and  gneiss  are  preliminary  stagei 
Between  granite  which  has  broken  through  surrounding  stratified  masBes 
and  is  called  an  igneous  rock,  and  metamorphic  granite,  no  well-marked 
lithological  distinction  has  yet  been  determined. 

But,  besides  granite,  there  are  other  crystalline  rocks  associated  hi 
such  a  way  with  metamorphic  rocks  that  their  metamorphic  origin  ii 
by  many  geologists  more  than  suspected.  Some  of  these  rocks  ban 
already  been  given  in  the  section  devoted  to  igneous  rocks.  But  theii 
names  are  repeated  in  this  place,  to  remind  the  student  that  they  some- 
times occur  in  such  an  intimate  relationship  with  imdoubtedly  metA' 
morphic  rocks  as  to  suggest  a  common  origin  for  the  whole. 

Granite. — What  has  been  regarded  as  metamorphic  granite  occurs  in  differeni 
parts  of  the  British  Islands.  The  granites  of  Galway  and  Donegal  are  with  diffi' 
culty  separable  from  the  surrounding  gneiss,  and  the  whole  appears  to  be  of  met» 
morphic  origin.  In  the  south  of  Scotland  the  Silurian  and  Old  Red  Sandstone  roda 
here  and  there  pass  into  a  form  of  gneiss  which  is  succeeded  by  granite.* 

Syenite  of  metamorphic  origin  occurs  in  AjTsliire,  where  it  is  assodat^^ 
with  diorite  and  serpentine,  among  very  much  altered  Silurian  rocks.  Large  masso 
of  syenite  occur  among  the  metamorphosed  lias  limestones  of  Skye.  Mr.  Geik» 
has  suggested,  however,  that  these  syenites,  and  possibly  some  in  Mull,  may  b( 
connected  with  the  great  tertiary  volcanic  series  of  the  Western  Islands,  t 

Diorite,  Diallage-rock. — Masses  of  these  rocks  occur  in  the  metamorphi 
region  of  the  south  of  Ayrshire. 

Hyperathene-rock. — This  rock  occurs  among  the  Laurentian  gneiss  o 
Canada.  A  large  mass  of  it  exists  in  the  island  of  Skye,  which  it  has  bee 
suggested  is  of  metamorphic  origin. 

Miascite. — A  large-grained  granitoid  aggregate  of  orthoclase,  ekeoUte,  an 
black  mica.     It  is  closely  related  to  the  rock  named  zircon-syenite. 

Geological  age  of  Metamorphic  Rocks, — In  Western  Europe,  meU 
morphic  rocks,  such  as  Clay-slat<i,  Quartz-rock,  Mica-schist,  and  Gneia 
are  usually  found  only  among  the  older  geological  formations.  Hen( 
naturally  arose  the  notion  among  the  earlier  geologists  that  such  rod 
were  only  produced  in  the  earlier  geological  periods.  It  is,  howeve 
now  well  known  that  some  of  the  Clay-slate  used  for  roofing  slate  in  tl 
Alps  was  formed  during  the  same  great  geological  period  as  the  clay  c 
which  London  stands,  and  it  is  believed  that  tlie  mica-schist  and  gneiss  < 
some  districts  are  at  least  as  modem  as  the  chalk  of  Britain.  Tl 
student  therefore  must  guard  himself  from  taking  it  for  granted  th 
any  of  the  lithological  textures  or  characters  of  such  rocks  can  be  take 

*  See  the  remarks  already  made  under  the  term  Protogine,  anU,  p.  124. 
t  Proe.  Roy.  Soe.  JEdin.,  vol  for  1866-67. 
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adications  of  their  geological  age  independently  of  other 

[eting  this  snmmaiy  of  the  leading  characters  of  the  more 
xk-masses  which  constitute  the  crust  of  the  earth,  we 
direct  the  attention  of  the  student  to  the  works  enumer- 
lead  of  this  chapter,  where  much  more  detailed  information 
1  than  can  be  given  in  such  a  Manual  as  the  present  volume 
3  be.  It  may  be  useful  to  present  here  a  table  of  the  rocks 
iierated,t  that  the  reader  may  see  at  a  glance  the  classifi* 
idopted^  and  the  place  in  it  wbich  is  assigned  to  each  of 


TABULAR  CLASSIFICATION  OF  ROCKS. 

I.  laiosons  BOCKS. 

A.  Volcanic. 


tjKithic. 


e  or  Phonolite. 


tuffs  and  brec- 


< 


Augitic, 
Dolerite. 
Anameaite. 
Basalt 
Wacke. 


B.  Trapi>eaii. 


spathic. 


^ 


e. 

1. 

f?. 
e. 

tuff  and  Por- 
i  tuff,  with  brec- 
i  conglomerates. . 


-i 


09 


I 


Peperino,  doleritic  tuffs, 
breccias^  and  slags. 

HombUndic  and  Pyroxenic 
Felspar  and  UombUndCy  etc. 

Diorite. 

Diallage-rock, 

Hypersthene-rock. 

Melaphyre. 

Diabase. 

Aphanite. 

Wacke. 

GreenBtone  tuff,  with 
agglomerate,  breccia, 
and  conglomerate. 

T  information  regarding  metamorphism  and  metamorphic  rocka  the  itudent 
le  chapter  in  which  metamorphiam  as  a  geological  proceaa  is  specially  dealt 

.ome  which  are  now  in  course  of  formation,  and  which  fiiUl  to  be  described 
on  of  Geological  Agencies, 
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Granite. 

Syenitic  granite. 
Pegmatite. 
Protogine. 
Qraphic  granite. 


C.  Granitde. 


Syenite  and  its  variet 


Arenaceous 


Argillaceous 


Calcareous 

Siliceous 

Gypseous 

Saline 


II.  AQUEOUS  BOCKS. 

Mechanically  Formed. 

'  Gravel  or  Bubble,  which,  when  compa< 

forms  Conglomerate    or   Puddiugst 

and  Breccia. 

Sand,  which,  when  compacted,  forms  S 

stone,  Gritstone,  and  their  varieties 

{Clay  and  Mud,  Loam,  Marl. 
Shale  or  Slaty-clay,  Mudstone. 

Chemically  Formed. 

Stalactite  and  Stalagmite,  Travertine, 
Some  Limestones  and  Dolomites. 

Siliceous  Sinter. 
Gypsum. 
Kock  Salt. 


•  { 


Calcareous, 


Organically  Derived. 

(  Limestone  and  its  varieties,  com|)act, 

.,    "I  .      ,         <       talline,  chalky,  oolitic,    pisolitic,  : 

mostly  from  animals       I  -         / 

•^  (^      magnesian^  etc 

Siliceous, 

probably  from  animals 

CftTuouftCPOim  I 

^,     -   ^'     1     ,  >  Peat,  Lignite,  Coal,  Anthracite,  Grai)! 

mostly  from  plants    .      J  '      ®       '         '  '        ^ 


,      >  Flint  and  Chert, 
imials   j 


III.  AERIAIi  OH  EOIilAI^^  HOCKS. 

Blown  Sand  on  coasts  ;   Sand-hills  of  deserts  ;  Calcareous  S 
compacted  by  rain,  etc.  ;  Debris  at  foot  of  cliffs  ;  Soil. 

IV.   MBTAMORPHIC   HOCKS. 

Sub-Group  L — Those  in  which  the  Original  Mineral  Texti 

is  still  recognisable. 

a.  Arenaceous. 

Quartz-rock  or  Quaitzite. 
Greywacke. 
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Flinty-date. 
Clay-date. 

7.  Oaloareoiuk 

Altered  Limestoiie.    MarUe. 
Dolomite. 

'aouF  XL — ^THoas  Dr  which  thi  Obigihal  Minxral  Tkztubb 

HA8BIBH  srrAOiD. 

a.  Oompaot  or  Czypto-eryBtalline. 

Seipentine. 
Metamoxphio  Poxphyries. 

p.  Soihistoae. 

Mica-tdiifit. 

Chlorite-schiBty  Potstoney  Talo-sdiiBt 

Gianalite. 

Schorl-rock. 

Homblende-fichist,  Actinolite-schist 

Gneiss. 

7.  CiTatalline-grantilar  or  Qranitio. 

Granite. 
Syenite. 
Diorite. 
Diallage-rock. 
Hypersthene-rock . 

Miascite,  and  probably  other  rocks  enumerated  among  the 
Igneous  series. 


Section  IL 
FETBOLOaY. 

CHAPTER  VL 

FORMATION   OF   ROCK-BEDS. 

The  tenn  Petrology  *  is  here  used  quite  arbitrarily  to  signify  the  study  of 
rock  masses  ;  that  is  to  say,  the  examination  of  those  characteis,  struo- 
tures,  and  accidents  of  rocks,  which  can  only  be  studied  on  the  laig^ 
scale,  and  only  be  observed  in  *^  the  field."  It  will  include  the  modeB 
of  stratification,  of  separation  by  diyisional  planes,  of  fracture  and  dis- 
turbance, the  methods  of  occurrence,  and  form  of  igneous,  aqueous,  and 
metamorphic  rocks,  and  the  formation  of  mineral  veins. 

Iiamination  and  Stratifloation. — ^The  lamination  and  stratification 
of  the  aqueous  rocks  is  the  very  foundation  of  geology,  that  on  which 
all  the  more  important  deductions  of  tlie  science  are  based.  It  is  there- 
fore necessary  to  describe  these  structures  in  some  detaiL 

Rocks  that  have  been  formed  by  the  strewing  of  materials  in  water, 
and  the  deposition  of  those  materials  in  beds  or  strata^  are  called  stratified 
rocks,  and  this  structure  is  called  their  stratification.  As  each  bed,  or 
stratum  J  was  formed  by  the  deposition  of  successive  layers,  or  lamitue, 
that  structure  may  be  called  their  laminati<m^  and  it  will.be  found  con- 
venient to  restrict  the  term  to  such  layers  of  deposition,  and  not  to  extend 
it  to  any  other  layers  or  plates  that  may  have  been  subsequently  pro- 
duced in  the  rocks. 

Strata  vary  in  thickness  from  less  than  an  inch  to  many  feet. 

Lamtnce  rarely  exceed  an  inch  in  thickness,  and  vary  from  that  down 
to  the  thinness  of  the  finest  paper. 

Planes  of  Lamination. — The  very  fine  laminse  (plates  or  layers)  of 
which  some  beds  of  shale  are  made  up,  are  obviously  the  result  of 
separate  acts  of  deposition  of  fine  sediment,  film  after  film,  upon  the 
bottom  of  some  tranquil  or  very  slowly  moving  water.  We  may  sup- 
pose this  sediment  to  have  been  carried  into  the  water  by  successive 
tides  bringing  matter  from  some  neighbouring  shore,  by  periodical  floods 
of  some  river,  or  by  the  gradual  action  of  some  current  Whatever  may 
have  been  the  exact  nature  of  the  action,  it  was  clearly  a  gradusd  one. 

*  See  ttnU,  p.  0. 
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iiderable  time  must  be  allowed  for  the  deposition  of  a  bed  even 
lick,  when  we  find  it  made  np  of  distinct  laminse,  fifty  or  a 
»f  which  may  be  counted  in  each  inch  of  its  thickness.  This 
at  re<|nired  for  the  mere  act  of  settlement  of  the  materials  in 
,  without  calculating  that  which  is  requisite  for  their  transport 
t  distant  locality.  Still,  although  some  time  was  required,  and 
:he  acts  of  deposition  were  distinct,  yet  they  were  not  so  widely 
in  time  as  to  allow  of  any  great  consolidation  of  one  layer 

next  was  deposited  upon  it.  The  whole  set  of  laminee  suc- 
:h  other  so  as  to  cohere  together,  and  form  one  bed,  which  may 
d  and  lifted  in  single  blocks.  In  some  shales,  certainly,  the 
between  the  laminae  is  but  slight ;  they  may  be  pulled  asunder 
ud  ;  but  in  others  it  is  more  complete,  and  in  some  quite  firm  ; 
»me  fine-grained  laminated  grits  and  sandstones,  it  requires 
much  force  to  split  them  along  the  lines  of  lamination  (with 
to  use  a  common  term)  as  it  does  to  break  them  across.  In 
nces,  it  is  probable  that  the  succession  in  the  acts  of  deposi- 
i  more  rapid  one,  than  when  the  laminee  separate  more  easily. 

degree  of  coherence,  however,  of  the  laminsQ  of  a  stratum  is 
iins  PC  sure  a  test  of  the  shortness  of  the  intervals  between 
>5iition  as  their  distinctness  is  of  its  length,  since  all  the  subse- 
ions  of  pressure  and  cementation  tend  to  make  them  cohere, 
action  tends  to  separate  them,  unless  tliat  of  weathering  close 
face. 

s  of  Stratijication. — The  planes  of  stratification  differ  from  those 
ion,  chiefly  in  being  on  a  larger  scale,  partly  also  in  as  much  as 
lly  mark  a  want  of  coalescence  between  two  succe^ive  layers  of 
'  not  usual  to  get  a  block  consisting  of  parts  of  two  beds,  since  the 

fall  asunder  and  make  two  blocks.  It  is  true  that  in  some 
s  of  two  beds  may  partially  adhere  together  if  carefully  removed, 
s  obviou-sly  the  adhesion  of  two  things,  and  not  their  coales- 
)  one.  It  is  also  true,  that  in  some  rocks  the  lamination,  and 
ven  the  stratification,  is  more  or  less  obscure.  In  such  cases, 
tinctness  may  be  due  either  to  the  comparative  rapidity  and 
i.sness  of  the  act  of  deposition,  or  to  the  subsequent  obliteration 
res  once  possessed. 

•  coherence  of  the  lamina)  of  any  kind  of  rock  is  owing  to  the 
ive  shortness  of  the  intervals  l)etween  their  deposition,  it  fol- 

the  want  of  coherence  between  one  bed  and  another  of  the 
1  of  rock  is  the  result  of  the  length  of  the  interval  between  the 
1  of  the  beds.  Each  bed  had  time  to  become  so  much  consoli- 
ore  the  next  was  deposited  upon  it,  that  the  latter  could  not 
with  the  former.  A  plane  of  stratification,  then,  marks  a 
the  act  of  deposition  ;  the  duration  of  that  pause  being  very 
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considerably  longer  than  that  of  the  intervals  between  the  snoceedve 
laminse. 

In  using  the  term  "  plane,"  we,  of  course,  must  not  take  it  in  iU 
strict  mathematical  sense,  since  the  surfaces  both  of  laminas  and  beds 
are  often  uneven.  In  speaking  of  the  planes  of  lamination,  moreover, 
we  must  often  understand  merely  the  direction  in  which  the  lamimeaie 
arranged,  whether  tliey  be  separable  from  each  other  or  not  When  we 
examine  a  cliff  or  a  face  of  rock  which  cuts  across  the  planes  of  laminar 
tion  or  stratification,  we  see  merely  the  edges  of  these  so-called  planes^ 
and  speak  of  them  as  Ums, 


Fig.  23. 

The  above  figure,  No.  23,  gives  a  rude  representation  of  the  above 
facts,  the  dark-lined  beds  being  meant  for  finely-laminated  shales,  the 
dotte<i  beds  for  sandstones,  and  the  one  unmarked  for  a  limestone,  in 
which  the  lines  of  lamination  are  supposed  not  to  be  discernible.  The 
student,  however,  is  earnestly  requested  to  study  them  for  himself  in 
any  and  every  quarry  of  stratified  materials  that  may  be  accessible  to 
him,  and  warned  that,  without  such  direct  observation  of  facts,  and  inde- 
pendent reasoning  on  them,  his  knowledge  must  always  be  incomplete, 
if,  indeed,  it  can  be  called  knowledge  at  all. 

Iiength  of  Interval  between  Beds. — If  we  are  at  a  loss  to  estimate 
the  length  of  the  interval  between  the  deposition  of  the  successive 
laminse  of  a  bed,  still  less  liave  we  the  means  of  calculating  the  time 
which  elapsed  between  the  fonnation  of  one  bed  and  that  which  rests 
upon  it.  When  two  or  more  successive  beds  are  of  precisely  similar 
character,  we  should  naturally  suppose  that  the  interval  between  bed 
and  bed  was  not  indefinitely  greater  tlian  that  between  lamina  and 
lamina.  If  we  gave  months  to  the  one,  years  might  be  given  to  the 
other  ;  if  years  to  the  one,  centuries  might  be  allowed  to  the  other. 
Still  we  should  have  no  certain  grounds  to  go  on,  and  the  interval 
between  bed  and  bed  might  be  thousands  of  years  for  anything  we  could. 
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I  the  majority  of  instancesy  show  to  tlie  contrary.  When,  moreover, 
be  two  hedfl  were  of  totally  different  characters,  we  should  usually  feel 
lUed  upon  to  allow  a  lai^g;er  interval  between  their  deposition  than 
there  the  beds  were  similar.  Some  time  must  be  required  for  a  change 
i  tike  place  in  the  conditions  of  the  neighbourhood.  In  the  case  of  a 
ad  of  sandstone  destitute  of  all  argillaceous  matter,  resting  on  a  bed  of 
Ue,  we  should  be  obliged  to  suppose  some  alteration  in  the  strength 
V  direction  of  the  currents,  so  that  all  the  finer  matter  was  swept  away, 
ad  only  the  coarser  or  heavier  deposited.  In  the  case  of  a  shale  rent- 
aig  on  a  sandstone,  we  should  suppose  that  the  current  had  diminished 
in  velocity.  In  either  case  the  current  might  have  come  from  a  new 
quarter,  where  only  the  particular  kind  of  material  was  to  be  got 

The  same  current  of  water,  chaiged  with  a  mixture  of  gravel,  sand, 
and  mud,  and  having  strength  enough  to  carry  it  all  on  together,  will, 
u  its  strength  lessens,  sort  and  separate  the  materials  from  each  other, 
depositing  them  in  the  order  of  their  coarseness,  the  pebbles  and  coarse 
Mod  first,  next  the  finer  sand,  and  lastly  the  mud.*  Three  different 
kinds  of  rock,  then,  might  be  deposited  at  the  same  time  by  the  same 
current  in  different  places.  But  in  order  that  either  sand  or  gravel  may 
W  thrown  down  at  a  subsequent  period  on  the  top  of  the  mud,  a  frcHh 
cnmrnt  either  of  greater  velocity  or  from  a  nearer  Bource  will  be  ru- 
qim^d,  while  an  interval  will  Iw  necessary  for  the  mud  to  conHoliilate 
i^j  far  a?  not  to  be  removed  by  the  new  current,  and  not  to  allow  the 
fn?>h  pebbles  or  sand  to  sink  into  it 

In  the  ca8e  of  a  limestone  occurring  either  on  shale  or  sandstono,  we 
are  rtill  more  forcibly  led  to  the  supposition  of  a  great  change  of  con- 
ditions. If  the  limestone  be  a  jmre  carbonate  of  lime  without  inucli  or 
any  admixture  of  mechanical  detritus,  it  is  obvious  either  that  all  cur- 
wati  had  ceased  in  the  water,  or  else  that  they  were  no  longer  able  to 
get  any  earthy  matter  and  transi)ort  it  to  that  place.  If,  indeed,  as 
ft<nu  necessary  in  the  case  of  all  marine  limest^mes,  we  assign  an 
oi^anic  origin  to  this  rock,  we  are  compelled  to  allow  a  perio<l  prior  to 
in  production  sufficient  for  the  animals  from  which  it  was  derived  to 
gnm'  and  to  secrete  their  solid  materials  from  the  adjacent  water. 

It  IB  prissible,  indeed,  in  some  cases,  by  the  ai«l  of  the  remains  of 
animals  and  plants  found  fossil  in  the  rocks,  to  arrive  at  something  like 
a  piugh  apprtiximation  to  the  time  which  has  elajweil  between  the  for- 
mation of  successive  beds,  so  far  as  to  say  whether  it  was  long  or  short. 
There  are  cases,  for  instance,  in  which  we  find  on  the  surface  of  a  bed  of 
limestone  the  rocjts  or  attachments  of  a  particular  class  of  marine  animals, 
called  encrinites,  which,  when  alive,  were  fixed  to  the  rock  by  a  solid 

•  Just  as  ia  nboini  for  mud  of  different  degrees  of  cosrseness  In  Mr.  Babbsge^s  obsorva- 
Uiii*,  to  which  KfertnM  wUl  be  made  when  we  come  to  treat  of  the  operation  of  geological 
itfrscies. 
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calcareotu  base.  These  attachmenta  are  tboee  of  animalB  of  all  ages,  and 
an  in  great  namberB  ;  and  in  a.  bed  of  claj  which  leets  immediately  on 
the  limestone,  there  are  found  a  multitade  of  the  remains  of  the  njqter 
portions  of  these  animals,  likewise  of  all  aizeft  and  ages  (see  Fig.  S4). 
How  it  is  phun  that  in  this  case,  after  the  limestone  wa«  fonned,  then 
was  an  interval  during  which  the  sea  remained  free  from  sediment,  and 
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therefore  well  adapted  for  the  growth  of  these  creatnrea.  We  do  not 
know  how  long  it  remained  so  before  any  of  them  began  to  live  there, 
but  after  a  time  they  settled  on  the  limestone  at  the  bottom  of  the  te*, 
and  flourished  there  for  a  sufficient  period  to  allow  of  successive  genen- 
tions  arriving  at  maturity  uiidiBturbed,  before  the  time  when  a  quantity 
of  mud,  having  been  carried  into  the  water,  was  deposited  upon  them, 
killed  them,  and  buried  their  remains.  Some  of  these  remains,  even 
the  insides  of  the  Joints,  are  coated  over  with  the  calcareons  cases  of  Be^ 
pulnD  {a  kind  of  sea-worm),  showing  that  they  had  been  unburied  in  th« 
bottom  of  the  sea  for  some  years,  whOe  their  descendants  were  growing 
abont  them.  Here,  then,  we  have  an  interval  of  many  years,  if  not  ot 
centuries,  between  the  formation  of  two  beds  which  rest  directly  one  upon 
the  other.  Many  instances  similar  to  this  occur  to  the  geologist  when 
poTBuing  his  investigations,  although  not  ofun  admitting  of  such  deal 
illustration  and  description. 

There  may  be  seen  in  the  great  limestone,  called  carboniferoni 
limestone,  in  Irelniid,  a  bed  of  corab  in  the  position  of  growth  which 
mnst  have  required  a  long  scries  of  years.  These  corals,  of  a  kind  called 
Lithoetrotion,  grow  in  bunches  sometimes  nine  feet  across,  resting  in  the 
position  in  which  they  flourished  on  their  old  sea-bed,  and  proving  pro- 
bably many  years  of  undisturbed  tmniinillity  to  have  elapsed  between 
the  time  of  the  formation  of  the  bed  on  which  they  grew  and  the  bed 
which  finally  covered  tbcm.t 

•  Copied  from  tytll'i  Manual. 

t  Bm  tha  tigait  isd  dMcrlptlon  oT  Mr.  A.  B.  Wjune,  in  the  enpluuitton  of  aheet  Its  al 
tin  Otologleal  Btuvar  ot  tnlud. 
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the  oaier  band,  ire  bsve  hutanoee  of  foasil  trees  paning  throogh 
beds  of  BKodxianie,  in  eHbh  a  way  as  to  show  that  Sie  whole 
of  beds  weze  aoeamnlated  after  the  tree  had  simk«  and  before  it 
«  to  rot  entirely  away.  Bat  a  tree  thus  whdly  buried  in  water 
;  many  yean  before  it  is  entirely  decompoeedy  bo  that  it  might 
•U  bare  become  enclosed  in  several  beds  of  sandstone,  especially 
e  recoUect  that  it  forms  an  obstacle  to  the  coxrents  flowing  by  it, 
m  tends  to  check  their  force,  and  canse  the  deposition  dt  sand 
it  more  rigidly  than  would  otherwise  take  place.  A  case  is  men- 
Kf  the  stomps  of  pines  still  standing  erect  on  the  bottom  of  the 
along  the  coast  of  North  CSsrolina,  although  the  snbmeigeDce  of 
1  on  which  they  grew  must  have  taken  place  before  the  settle- 
f  the  colony.*  Still,  whatever  nnmber  of  years  we  assign  to 
nnmlation  of  the  whole  mass  of  sandstone,  we  should  be  in- 
in  this  case  to  suppose  the  deposition  of  the  sand  to  have  been 
atively  rapid,  and  the  intervals  between  the  deposition  of  the 
imperatively  short 

is  possible  in  some  cases,  even  without  the  aid  of  organic  remains, 
over  that  the  interval  between  two  adjacent  beds  was  a  long  one. 
stance,  we  not  unfrequentlj  find  that  two  beds,  which  in  one 
are    contiguous. 


mother  place  let 
i,  two,  or  more 
te  beds  between 
as  in  Fig.  25, 
is  taken  from  a 
made  in  a  quarry 
nnybrook,  near 
I,  by  Mr.  Du 
It  is  obvious, 
r  we  observed  liie  beds  a  «  at  the  spot  marked  A,  we  should 
appose  an  ordinary  interval  to  have  elapsed  between  the  times 
ir  deposition ;  while,  on  tracing  the  beds  to  B,  we  are  compelled 
irge  that  space  of  time  sufficiently  to  allow  for  the  formation  of 
ds  b,  c,  and  d,  and  the  intervals  hetween  them.  It  appears,  then, 
hile  we  are  able  to  assign  a  sort  of  rough  limit  to  the  time  re- 
for  the  deposition  of  one  bed,  composed  of  a  number  of  lanunse, 
1  rarely  assign  any  approximate  limit  to  the  time  required  for 
mation  of  a  number  of  beds.  Not  only  have  we  to  multiply  the 
•eriod  by  the  number  of  the  beds,  but  to  allow  for  an  equal 
T  of  intercalated  intervals,  of  altogether  uncertain  duration,  to 
mt  the  pauses  that  occurred  between  the  formation  of  each  two 
ions  beds. 

•  Bmmon'j  Jwterieem  Gtolon, 


Fig.  26. 
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These  intercalated  mtervals  would  be  most  prolnbly  greats  than  the  periods 
of  deposition,  because  we  cannot  imagine  any  circumstances  that  can  keep  up  a 
continuous  or  rapid  deposition  of  earthy  matter,  whether  chemical  or  mechanioJ, 
for  a  long  period  of  time,  in  any  one  particular  locality.  All  we  know,  or  can 
conceive,  of  the  accumulation  of  earthy  matters  in  the  seas  or  lakes  of  the  present 
day,  shows  the  action  to  be  partial  and  occasional,  a  bed  of  sand  being  fonned 
here,  a  patch  of  mud  deposit^  there,  a  bank  of  pebbles  accumulated  in  one  place, 
a  bed  of  oysters  or  other  shells  growing  in  another,  so  that  the  bottom  of  the  sea 
becomes  gradually  covered  by  several  unconnected  patches  of  deposition  of  different 
kinds,  lying  side  by  side.  All  our  experience  shows  that  for  any  great  thickness 
or  vertical  succession  of  beds  like  these  to  be  formed,  in  other  words,  for  the  depth 
of  water  to  be  materially  diminished  (except  in  narrow  bays  and  inlets),  a  great 
length  of  time  is  required.  The  soundings  in  shallow  and  well-frequented  seas, 
such  as  those  around  the  British  Islands,  certainly  do  not  alter  vexy  rapidly,  al* 
though  they  doubtless  do  change  in  the  course  of  centuries.  In  searcharts  tha 
character  of  the  bottom  is  marked  in  different  places  as  "  mud,"  **  sand,"  "  sand 
and  shells,"  ''small  stones,"  and  so  on,  and  these  characters  remain  sufficiently 
constant  to  be  used  fur  many  years,  in  combination  with  the  depth  of  water,  as  t 
guide  to  the  seaman,  and  enable  him  to  determine  the  situation  of  his  vessel. 

In  a  vertical  series  of  beds  of  rock,  then,  we  may  feel  sure  that  each  bed  will 
be  to  that  below  it  like  Salius  to  Nisus  in  the  foot-race,  "  proximus  huic,  longo 
sed  proximus  intervallo;"  and  a  thini  will  follow  "spatio  post  deinde  relicto." 
Whether  we  take  the  whole  earth  generally,  or  any  particular  sea  or  ocean,  and 
limit  ourselves  to  the  consideration  of  any  given  period  of  time,  we  must  look  upon 
the  deposition  of  mineral  matter  as  the  exception,  not  the  rule.  Of  many  hundred 
thousand  square  miles  of  sea,  only  one  }>erhaps  is  receiving  at  any  one  time  tbe 
accession  of  any  mineral  matter  on  to  its  bed.  The  next  successive  deposition  may 
l>e  very  long  deferred,  and  may  occur  either  in  an  adjacent  or  in  a  widely  separated 
locality ;  and  a  vast  number  of  these  partial  and  detached  acts  of  formation  vniJl 
be  re<|uired  before  the  whole  of  any  jmrticular  area  can  be  covered  with  one  oi 
more  beds  of  rock.  In  reasoning  on  the  methods  of  production  that  have  been 
concerned  in  the  formation  of  our  great  series  of  stratified  rocks,  which  are  nothing 
else  than  so  many  old  "  sea-bottoms,"  we  are  compelled  to  suppose  a  gradual, 
partial,  and  interrupted  action  to  have  operated  in  their  accumulation,  like  that 
which  is  producing  similar  beds  in  the  seas  and  lakes  of  our  own  time.  * 

Let  any  one  visit  any  quarry,  and  place  his  finger  on  the  edge  of  the  plane  of 
stratification  between  two  successive  beils,  and  it  will  be  impossible  for  him  to  say 
how  far  the  interval  marked  by  that  plane  of  separation  equals  or  exceeds  the  in- 
tervals required  for  the  deposition  of  the  two  beds.  It  may  often  indicate  the 
lapse  of  thousands  of  years,  for  anything  that  we  can  say  to  the  contrary. 

Iiength  of  Interval  between  Qroups  of  Beds. — When  we  rise  from 
the  consideration  of  a  series  of  single  beds  to  that  of  a  succession  of  groups 
of  beds,  we  find  instances,  on  a  still  larger  scale,  of  intervals  having  taken 
place  in  the  deposition  of  strata,  which  at  first  sight  appear  perfectly 
continuous.  Mr.  Prestwichf  shows  that  on  examining  the  rocks  called 
Tertiary,  which  lie  above  the  Chalk  in  France,  they  appear  to  have  a 

*  It  is  unavoidable  that  here  and  elsewhere  in  this  section  of  the  Manual  we  must  to 
iome  extent  anticipate  information  to  be  given  in  more  detail  and  with  fuller  reference  to 
the  existing  operations  in  a  subsequent  series  of  chapters,  or  presuppose  a  certain  amount 
of  acquaintance  with  these  operations  on  the  part  of  the  student. 

t  In  his  paper  on  the  *'  Correlation  of  the  Eocene  Tertiaries  of  England,  France,  and 
Belgium,"  Joum,  Gtok  Soc.,  vol.  xL  p.  211. 
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atimioiia  wtqwaet  of  badi  of  MUid,  and  cl^,  utd  Ijmeatone,  iu 
!«  ia  DO  ngn  of  uij  interral  bftTing  happened,  irtiile  in  rulitf 
if  the  En^iih  teitiuici,  known  oa  the  London  elaf ,  having  a 
lofaorlj  ftOO  feet  ncai  London,  ma  depoaited  in  an  interval 
tk  Enrnation  of  two  of  the  French  eeta  of  beds. 
MMoknnipMUBgof  tlwMriwM  It  uiiti  In  Fruice,  "  Lithologlcal 
nd  npaipontioii  Mam  to  tndicata  a  oomplsta  ukd  peiftct  aertai.    ,    ,    . 

BtmOelMa  Mam  that  than  li  ■  rary  important  Intaml  batwean 
■Um  of  the  SolHeaiMb'  and  tha  '  Uta  Coqailllen,'  and  that  at  lo 
kiMKe  ai  from  Kant  to  tlM  Dapaitment  of  tits  Otea,  then  1«  hitm- 
dpibipa^  batman  thaaa  two  dapoaita,  the  lugt  mau  of  the  LoDdon 

in  mnltitnda  of  original  organlo  remalna.  Yet  there  la  not  only  no 
ilbcr  of  tlia  great  tapaa  ol  lim^  or  of  the  important  phjaical  chanKW 
1 1  fonniUon  indicatai,  hnt  there  b  eren  no  canae  for  mupicion  of  anch 
c  ftpparant^  oomplete  and  coDtlniiona  aetiaa  of  the  'Sablaa  Infarlenii' 
k  or  France."  We  cMmot  concrira  the  London  day  to  hare  reqnlred 
amt  thonundi  of  jaan  for  Its  formation,  and  It  may  more  proMhIf 
sinr  teni  of  tbonaandB,  during  irhich  interral  either  do  oorreapondlng 
iru  taking;  place  orer  the  area  no*  forming  part  of  tlie  north  of  France 
rnntion  £d  take  place  Inth  before  and  after  thS*  period,  equally  h) 
ich  cr.Terfd  whit  ii  now  France,  and  what  is  now  England),  or  if  any 
n;;  strata  were  laid  down,  they  have  unce  been  ramoTed  in  inch  a  way 
no  trace  of  their  erer  having  existed,  or  of  the  proceae  of  "  denudation  ' 

facl«  have  not  hitherto  been  snfGciently  inelBted  npon,  since 

a  moat  important  bearing  on  the  theoretical  concIuBioiu  of 
We  hoTe  been  too  apt  to  regard  solely  the  positive  evi- 
bpf<e  of  time,  afforded  \>j  a  euccessive  series  of  bedn,  and 
;  that  Bncceeuon  to  have  been  continuous  when  it  was  in  fact 
jken  and  interrupted  one.* 
1  and  Termination  of  Beds. — The  fact  that  a  set  of  beds  ia 

one  locality  and  absent  in  another,  whether  that  set  be  one 
K  gronps  which  we  call  "  formations,"  or  merely  two  or  three 
)g  in  a  quarry,  rh  in  Fig.  2S,  leads  us  to  another  conclusion 

lieils  of  stratified  rock,  namely,  that  although  sometimes  very 
end,  they  were  not  of  indefinite  extent,  but  did  end  somewhere. 
ig  is  generally  a  gradual  one,  the  bed  or  set  of  beds  becoming 
id  thinner,  till  at  last  it  disappears.  Sometimes,  however,  the 
<n  b  moK  abrupt 

eot  of  aingle  bede  is  moet  certainly  ascertained  in  ooal-mlnlng,  In  which 
tal  (or  lateral)  eiteruion  of  bedi  is  fallowed.  For  inatonce,  In  South 
e  a  bed  or  amooth  black  sbale,  a  littla  below  the  Thick  or  Tan-yard 
«a  aa  the  "  Table  batt."  It  boa  a  thickness  of  thim  two  to  four  teat, 
■  over  all  tbe  greater  portion  of  the  South  StaffordaUra  ooalBdd— 

roalt  el  my  tUrty  yaon*  siperinioa  of  otHrratloB  and  nOoetlon  on  atatlBad 
tneUaed  to  ngard  tliair  fotTniUon  ai  a  a«l«  of  poftfal  and  an^iUoBal  aeU, 
lomal  oBd  eoBtlBDoaa  opantloB ;  whll*  ana  of  the  Milaa  that  waa  lonad,  «• 
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places  where  it  ia  known  being  ten  or  twelve  miles  apart  from  each  other  in  dif- 
ferent directions.  Its  original  extension  was  probably  much  greater,  since  the 
beds  now  disapitear  in  one  direction  by  **  cropping  oat,"  and  are  buried  in  othen 
at  too  great  a  depth  to  be  followed.  Known  beds  of  coal,  with  a  particolar  desig- 
nation, such  as  **  Heathen  coal,"  extend  over  still  wider  areas,  and  similar  facti 
occur  abundantly  in  most  coalfields.  Mr.  Hull  says,  *'  that  one  bed  of  coal  called 
in  part  of  the  Lancashire  coalfield  the  '  Arley  mine,'  but  known  by  other  namei 
in  other  part^,  spreads  over  the  greater  part  of  the  coalfield,  which  has  an  area  of 
192  square  miles.  * 

Neither  is  the  great  extension  of  single  beds  confined  to  thoee  containing  coal, 
but  is  found  wherever  there  are  beds  of  a  sufficiently  remarkable  character  to  be 
noticed  and  recogniseiL  A  little  bed  called  the  Bone-bed,  from  its  containing 
peculiar  fragments  of  fossil  bones,  which  lies  just  at  the  top  of  the  New  Bed 
Sandstone  of  the  south  of  England,  is  found  both  at  Axmouth  in  Devonshire,  and 
at  Westbury  and  Aust  in  Gloucestershire — places  fully  sixty  miles  apart — the  bed 
itself  never  being  more  than  two  or  three  feet  thick,  and  frequently  only  as  many 
inches.  It  was  even  stated  by  Mr.  Strickland,  that  he  had  identified  this  same 
bed  in  the  form  of  a  wliite  micaceous  sandstone  up  to  Deflbrd  in  Worcestershire^t 
104  miles  from  Axmouth,  and  at  Golden  Cliff  and  St.  Hilary  in  Glamoiganshire. 
Similarly,  a  bone-bed  at  the  top  of  the  Ludlow  rock,  never  more  than  a  foot  thick, 
and  frequently  only  one  or  two  inches,  has  been  traced  at  intervals  over  a  space 
of  forty-five  miles  from  Pyrton  Passage  to  the  bonks  of  the  Temo  near  Ludlow. 
I  have  myself  observed  in  the  south  of  Ireland  a  bed  of  peculiar  quartiose  con* 
glomerate,  usually  about  a  foot  thick,  in  the  middle  of  the  Lower  limestone  shale 
at  several  places  in  the  counties  of  Cork  and  Waterford,  which  show  that  it  must 
have  spread  originally  over  an  area  of  at  least  300  square  miles. 

Whether  these  beds  bo  absolutely  continuous  or  not  over  all  the  intervening 
spaces,  these  facts  are  sufficient  to  prove  the  uniformity  of  conditions  over  very 
large  areas,  so  that,  wherever  deposition  took  place,  it  was  of  precisely  the  same 
character.  In  the  case  of  the  bone-beds  mentioned  above,  the  conditions  under 
which  they  were  deposited  seem  to  have  been  so  very  peculiar  that  they  may  pc^ 
haps  be  looked  upon  as  exceptions  rather  than  as  examples  of  a  rule.  It  is  useful, 
however,  sometimes  to  know  what  is  possible  as  well  as  what  commonly  occurs ; 
nor,  perhaps,  would  such  apparent  exceptions  be  found  to  be  very  unconunon,  if 
it  were  more  often  possible  to  trace  a  single  bed  over  the  whole  area  which  it 
occupies. 

When  from  a  single  thin  bed  we  come  to  the  examination  of  a 
group  of  a  few  beds,  the  instances  of  mineral  identity  over  very  wide 
areas  become  still  more  frequent.  This  is  especially  observable  when 
the  group  of  beds  is  of  a  character  quite  different  from  the  larger  mass 
of  rocks  in  wliich  they  lie  ;  provided  that  difference  points  to  a  state 
of  greater  tranquillity  or  quietness  of  action  during  the  time  of  deposi- 
tion, as  would  a  bed  of  clay  occurring  in  a  group  of  sandstone  beds,  or 
a  bed  of  limestone  or  coal  occurring  in  others  having  a  purely  mechanical 
origin. 

We  may  take,  as  an  example,  what  is  called  the  Bala  limestone  in  North 
Wales.  This  is  a  little  group  of  a  few  beds,  rarely  exceeding  twenty  feet  in  thick* 
ness,  lying  in  a  series  of  grey  slaty  rocks  several  thousand  feet  in  thickness.  The 
lowest  bed  of  the  limestone  is  generally  black  and  crystalline,  over  which  are 

*  CoayUlds  qfGrtat  Britain. 
t  Proceedingt  qf  the  GtohgiocU  Society  qf  London,  vol.  UL  pp.  585  and  7SS, 
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nl  beds  ct  lund  OTittniiM  ooaontioiiaiy  and  nodular  limestone  of  a  gnj 
Br»  alteniating  nith  more  ahaHf  or  alaty  beds.  Theae  contain  small  black 
iphstieiiodnlMypoasibljof  aeoproUtloQrigfaL*  The  softer  aigillaoeous  bands 
r  araray  mora  fapUly  than  the  cfystalUne  Iay«n»  wUdi  aooordine^j  stand  ont 
dief  like  a  oondee  moulding.  "Bf  theae  chancters  the  Bala  limestone  maj 
a  be  perceived  at  tbe  distance  txf  half^-mile  on  the  side  <tf  a  hill,  and  distin- 
had  from  the  ro^a  of  hard  gritty  alate  abore  and  bdow  it.  It  extends  from 
r  Dinaa  Mowddwy  on  the  aonfh,  to  Oader  Dinmael  on  the  north,  a  distance  of 
BQea,  and  from  near  lilanrhaidr  yn  Moohnant  on  the  east^  to  the  valUj  of 
■arhnn  on  the  mat,  a  distance  of  24  miles  ;  thna  occupying  an  area  of  400 
iMai|Baie  miles  at  least  It  probably  iraa  once  much  more  extensive  ;becanse^ 
H^  W9  reach  its  apparent  original  termination  in  one  direction  near  Dinas 
addvy,  'wbsn  it  dwindlea  to  a  thickness  of  two  or  three  feet^  in  othen  its  pre- 
fc  'oalcnip''  shows  no  symptom  of  diminution  of  thlckneas  or  otber  sign  of 
IhI  Isniination. 

On  the  other  hand,  aome  beds,  even  of  a  considerable  'thickness,  have  a 
■rikaUly  small  extension,  being  mere  cakca,  thick  in  the  middle^  and  thinning 
i^idly  ia  tiwvy  directkm.  This  happens  sometimes  with  all  kinds  ot  aqneons 
B ;  bofc  ia  the  m<»e  nsnal  diaiaoteiistic  of  the  coarser  mechanioaUy-fonned 
m,  being  more  common  in  sandstonea  than  in  days  and  shales,  and  men  fre- 
ai  in  conglomeratea  than  in  sandstones.  Beds  of  sandstone  hi  the  coal  dia- 
ls ara  aometiiiies  found  to  thicken  or  thin  out  very  rapidly.  This  is  easily 
iTfable  where  sandstone  beds  are  known  to  the  colliers  by  specific  namea,  and 
ve  the  coal-pits  are  near  together.  The  miners  are  occasionally  thrown  out  in 
ir  ealcolatioDs  as  to  the  depth  at  which  particular  coals  will  be  found  by  these 
golaritiea,  which  are  sometimes  so  great  and  rapid  as  to  be  called  **  faults  "  by 
I  not  accustomed  to  precision  in  the  terms  they  use.  Such  an  instance  occurs 
r  Wednesbnry,  in  South  Staffordshire,  where  a  bed  of  sandstone  known  by  the 
le  of  the  **  New  Mine  rock  "  thickens  out  from  nine  feet  to  seventy-eight  feet 
ke  course  of  a  few  yards*  horizontal  distance.  In  other  parts  of  the  district 
I  sandstone  varies  from  fifteen  to  sixty  feet,  and  in  some  places  is  entirely 


In  examining  sandstones  and  conglomerates,  the  conglomerates  or 
L  gniTel-beds  are  often  found  to  be  very  partial  and  irregular,  fotm- 
r  ateep-sided  banks  and  mounds  enveloped  in  ssend.  In  these  cases, 
bough  it  was  obviously  a  work  of  time  for  the  pebbles  to  have  been 
nmd  down  from  their  original  large  and  angular  condition  to  their 
sent  small  rounded  form,  and  although  we  may  very  well  suppose 
sn  to  have  been  washed  about  from  place  to  place,  and  thus  to  have 
atually  travelled  fax  from  their  original  site,  yet  their  final  deposi- 
a  in  the  place  where  we  now  find  them  was  probably  a  rather  rapid 
ion.  Conglomerates,  then,  may  be  quoted  as  examples  either  of  the 
9U  of  time  required  for  their  formation  or  of  its  shortness,  according 
we  look  to  the  preparation  of  their  materials  or  the  actual  deposition 
them. 

Balation  between  the  Xxtent  and  the  Ck>mpoaition  of  a  Bed^ — It 

ly  be  stated  as  a  general  rule,  that  the  finer  the  materials  of  which  a 

d  it  Gompoeed,  the  wider  is  its  aifea  and  the  more  equable  its  thick- 

n,  and  the  rule  holds  equally  good  for  groups  of  beds.    In  a  gxoup 

•  A"oopt6liW*lBihBp^xilieddroppiagofaomissnSmsl 
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of  beds  made  up  of  alternatioiu  of  fise-gnused  and  coane  matemlti,  &t 
VBriations  in  tliickness  in  diffeKnt  parta  of  its  area  are  generally  dot 
to  the  changes  that  take  plcice  in  the  coaiser  beds.  In  other  words,  tht 
ezt«nt  and  eiiuabilit;  of  beds  ia  generally  in  direct  relation  with  tlu 
low  specific  gravity  of  their  materials,  or  at  least  with  their  rapad^ 
for  floating,  those  which  sonk  moat  slowly  being  moat  widely  and 
equably  diffused  through  the  water,  and  vice  ctrtd. 

A  muit  remsrkaMe  example  of  the  shove  mle  is  sflbrded  aa  in  the  Soatl 
Staffordshire  coatfielil,  where  a  group  of  "CDal-iuessDres  "  composed  of  altani- 
tions  of  clays,  sBiidstoiieB,  and  cobIb,  which  at  EMiogton  ia  beticBen  SOO  and  WV 
fset  in  tUckness,  thins  out  towards  the  south,  by  the  ([radiial  dying  awsy  of  tin 
shales  lud  sandstone*,  so  that  in  the  space  of  five  or  six  niiled  the  difTereDt  hed>  oi 
coal  come  tfl  rent  directly  one  upou  the  other,  and  are  contlDued  for  ten  milin  it 
least  towatds  the  south  as  a  compound  seam  of  coal,  thirty  feet  thick,  with  bat  i 
few  shaly  partings  between  the  beds,  * 

The  principal  varieties  of  stratified  nuk  are  nsually  found  in  beii 
which  are  thinner,  more  extensive,  and  more  equable,  iu  the  foUowing 
order; — I,  Conglomerates,  the  thickest,  moat  irregular,  and  occupjing 
the  smallest  area  ;  3.  Sandstone  ;  3.  Clay  or  Shale  ;  4.  LimestoDe  ;  6. 
Coal,  the  thinnest,  most  regular,  and  most  widely  spread 

Irregular  and  Oblique  Iiamination  and  Stratlfloatlon,  lomtlinti 
called  "  Falaa-Beddlne." — In  shales  the  laniins  are  remaikably  thin 
and  regular,  all  x>arallel  to  each  other,  and  parallel  also  to  the  pUnM 


Fig.  ae. 
of  atratificaUon.     In   many  fine-grained,  and   i 


■  IIHU.  Gal  Suntf,  a.  SUC  CoaUeld,  2ded. 
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however,  great  irregnlarify  is  observable  in  the  laminsB  of 
)ed9  are  made  up,  the  layers  of  different-colonred  or  different- 
I  being  oblique  to  the  planes  of  stratification,  and  various 
rs  lying  sometimes  at  varions  angles  and  inclining  in  dif- 
tions  in  the  same  bed,  as  in  Fig.  26,  which  is  taken  from  a 
i  on  the  coast  of  Waterford. 
ncture  is  a  proof  of  frequent  change  of  direction,  and  pro- 

bably  of  strength,  in 

j^:_      ^_  -___^ =^ — '-^       the     currents     which 

..~....T7r.  a  "-—        brought  the  sand  into 

*^^*^^S^^,  *^®  water.    If  we  sup- 

xjj:?^-^;^,,,^^^^  pose  a  current  of  water 

^S?^^':g£^i§aMr  running  over  a  surfiBtce 

which  ends  in  a  slope, 
as  at  a  in  Fig.  27,  it  is 
IT  sand  which  is  being  drifted  along  the  bottom  from  ft, 
:hing  a,  roll  down  into  the  comparatively  still  water  of  the 
,  and  remain  there  probably  undisturbed.  Layer  after 
rl  may  thus  be  deposited  in  an  inclined  position  according 
of  the  bank.*  On  the  other  hand,  if  any  obstacle  arrests 
ich  is  l>eing  drifted  along  the  bottom  of  any  water,  some  of 
led  np  into  a  heap,  and  a  bank  will  be  then  formed  having 
e  or  less  inclined.  K  the  current  shifts  its  direction,  another 
e  formed,  with  its  lamina)  inclined  at  a  different  angle  or 
t  direction.  Moreover,  after  one  bank  has  been  formed,  a 
•liange  in  the  velocity  or  the  direction  of  the  moving  water 
and  remove  a  portion  of  it,  or  excavate  a  channel  through 
liollow  or  fresh  surface  may  be  again  filled  up  or  covered 
iTi*  having  a  different  form  from  the  first.  In  this  way 
•t  to  changes  of  current,  especially  shallow  water  full  of 
throw  down  or  heap  up  materials  in  a  very  confused  and 
inner. 

lamination  of  beds  is  carried  out  sometimes  to  such  an  ex- 
TKluce  several  beds,  sometimes  of  no  slight  thickness,  which 
'  to  those  above  and  below  them.  Instances  of  this  were 
d  described  by  Mr.  G.  V.  Du  Noyer  in  the  Dingle  pro- 
the  west  coast  of  Ireland.  He  pointed  out  to  me  such 
Is  lying  obliquely  to  each  other,  both  in  the  cliffs  and  in 
Kposed  at  low  water.     I  have  also  observed  a  similar  case 

■tty  little  machine  has  been  Invented  by  Mr.  Sorby  for  producing  this  obUqne 
iiid  poured  Into  it  small  trough  is  carried  forwards  by  means  of  a  screw,  and 
to  a  narrow  space  between  a  board  and  a  sheet  of  glsss,  arrsnges  itself  in 
ftccording  to  the  rapidity  with  which  the  screw  is  worked  and  the  an^e  at 
umeni  is  held. 
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in  Soatli  Stefibtdahire,  where,  over  a  Bpctce  at  least  a  quarter  of  a 
acroas,  qnurieB  were  opened  ahowiog  beds  of  sandstone  inclined 
angle  of  30°,  while  a  horizontal  bed  of  coal  stretched,  a  little  way  b 
over  the  whole  area. 

SoUa,  Bwalla,  Horsu*  Baoki. — It  is  amodificationof  thesamea 
probably  which  has  produced  what  are  called  "roUa,"  "swell* 
~"  horses'  backs,"  in  the  Coal  Measures,  and  probably  in  other 
where  they  remain  less  noticed.  A  long  ridge,  and  sometimes  o 
two  .parallel  ridges,  of  clay  or  shale  are  occasionally  fonnd  riding 
the  floor  through  one  or  more  beds  of  coal,  "  cutting  them  out " 
ceitain  distance,  to  use  the  miners'  terms.  The  crest  of  such  a  rid 
sometimes  eight  feet  aboTe  the  floor  of  the  coal,  with  a  very  gent] 
clination  on  either  side,  the  beds  of  coal  ending  smoothly  ai^  grad 
^^inst  it.*  Its  fonnatioo  was  obviously  anterior  to  that  of  the 
which  it  "  cuts  out ;"  those  coals  and  the  "  swell "  itself  being  regu 
covered  either  by  a  hdgber  bed  of  coal,  or  by  the  "  roof  "  of  the  f 
without  any  interruption  or  disturbance.  The  swells  are  sometime! 
or  300  yaida  long,  and  10  or  12  yards  wide  at  the  base.     (See  Fig. 


In  thia  Fig.  a  la  black  cloncb 


OnneBt>Mark  or  Bipple. — Another  effect  of  current  is  to  pn 
a  "  ripple  "  or  "  current-mark  "  on  the  surface  of  a  bed  of  sandatoi 
sandy  shale.  This  rippled  surface  is  exactly  the  same  as  that  whi 
seen  on  the  sands  of  the  sea-shore  when  left  dry  by  the  tide,  and  n 
may  occasionally  be  seen  on  the  snndy  bottom  of  a  brook  or  any  i 
running  water.  It  may  be  observed  also  sometimes  on  sand-Iiil 
dry  land,  where  it  is  produced  by  the  drifting  action  of  the  i 
Both  wind  and  water,  as  they  roll  before  them  the  little  grains  of  i 
tend  to  pile  them  into  small  ridges,  which  are  perpetually  advai 
one  on  the  other,  in  consequence  of  the  little  grains  of  sand  1 
successively  pushed  up  the  windward  or  weather  side  of  each  ridge 
then  rolling  over  and  resting  on  the  lee  or  sheltered  aide. 

It  is  produced  on  the  sea-beach,  not  in  consequence  of  the  ripp 
the  wave  impressing  its  own  form  on  the  sand  below,  which  woul 
an  impossibility,  but  because  of  the  moving  current  of  water  as  the 

*  Sea  JU«M.  OkI  Sumy,  S.  BtalTonlalilr*,  iKond  edltloo. 
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ranees  or  leeedes.    Wind  moying  over  the  BurfSace  of  water  cauBes  a 
pie  on  that  suifaee.     Wind  or  water  moving  over  the  sarfiAce  of  fine 
oherent  sand  caoaea  a  similar  ripple  upon  it.     The  ripple  on  the 
r&oe  of  a  liquid  is  of  course  momentary.     The  ripple  on  the  surface 
isnd,  howerer,  remains  permanent  unless  obliten^ed  by  some  subse- 
ent  force.     If  the  rippleid  surface  be  covered  by  a  film  of  chiy,  or  if 
acquire  some  degree  of  consolidation  before  another  layer  of  sand  be 
ifted  over  it,  it  may  remain  fixed  for  ever.     In  fine-grained  saud- 
mes,  it  is  not  unusual  to  find  many  successive  rippled  surfaces,  one 
uler  the  other,  at  spaces  of  some  inches  or  some  feet  apart  vertically, 
e  direction  of  the  ripples  sometimes  varying  veiy  considerably  on  the 
iferent  sur&ces.     It  is  clear  that  the  under  surface  of  the  layer  of  sand 
tiich  is  deposited  upon  a  rippled  surface  will  itself  take  a  cast  of  the 
ppled  form.     It  is  sometimes  not  easy  to  determine,  in  detached 
itions  of  such  beds,  which  was  the  original  rippled  surface  and  which 
its  cast.     Very  often,  however,  this  can  be  determined   by  their 
fference  in  form,  the  ridges  being  broad  and  equable,  while  the  inter- 
ediate  furrows  have  a  little  channel,  the  cast  of  which  makes  a  sharp 
tie  crest,  such  as  could  not  be  formed  on  the  summit  of  the  ridge. 
lis  feature  is  sometimes  of  use  in  examining  highly  inclined,  per- 
ndicular,  or  inverted  beds,  as  helping  us  to  decide  which  was  the 
•per  surface  of  the  beds  in  their  original  undisturbed  position. 

The  existence  of  a  rippled  surface  is  no  evidence  of  itself  as  to  the 
pth  of  the  water  in  which  it  was  formed.  A  current  of  water  of  any 
pth  whatever,  which  pushes  grains  of  sand  along  the  bottom,  may 
t»Iuce  a  rippled  surface  on  that  sand.  The  ripple  on  the  surface  of 
iti'T,  or  on  that  of  dry  sand-hills,  is  produced  at  the  bottom  of  the 
oiofphere,  and  if  the  lower  stratum  of  deep  water  moved  in  like 
mner,  it  would  produce  a  similar  effect.  Rippled  surfaces  will,  bow- 
er, be  more  frequently  produced  at  the  bottom  of  shallow  than  of  deep 
.tf r,  Ijecause  the  requisite  currents  are  more  frequent  in  the  former 
in  in  the  latter. 

The  size  of  the  ripple,  or  the  distance  from  crest  to  crest  of  the 
gfcs,  varies  from  half-an-inch  to  eight  or  ten  inches,  with  a  propor- 
Date  variation  in  the  depth  of  the  hollows  between  them.  Sandstones 
all  ages,  from  the  oldest  known  rocks  to  the  most  modern,  have  occa- 
nally  rippled  surfaces.  Magnificent  examples  arc  sometimes  shown 
the  cliffs  of  the  south-west  coast  of  Ireland,  where  highly  inclined 
is  are  seen  bared  in  the  face  of  the  cliffs  at  the  sides  of  small  bays, 
>>sing  most  beautifully  rippled  surfaces  over  an  area  one  or  two 
udred  feet  in  diameter. 

In  places  where  the  current  was  troubled,  a  modification  of  these 
•pled  surfaces  is  sometimes  produced,  the  bed  being  irregularly  mam- 
llated  on  ite  surface,  which  is  pretty  equally,  although  irregularly, 
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divided  into  small  hoUowe  and  protubeisnceB  of  a  few  inches  diametei 
This  auiface  Btructme  may  be  seen  iu  process  of  pToduction  now,  oj 
shoKB  where  spaces  of  sand  are  enclosed  by  rocks,  so  that  as  the  t:d< 
taUi  it  is  made  to  run  in  different  directions  amon^  the  rock-channelj 
but  it  would  probably  be  caused  at  any  depth  at  which  a  current  coold 
be  similarly  troubled  and  confused.  It  is  not  unfrequently  seen  among 
gritstones,  even  those  of  the  very  oldest  rocks.  It  might  be  called 
"dimpled  current-mark." 

Mr.  Sorby  has  ahown  that  inferences  may  be  drawn  from  the  eu- 
mination  of  these  "  currecl-niarks  "  as  to  the  stTengtb  and  djreclton  of 
the  curreDts  that  caused  them,  and  thot  we  may  thus  reason  back  W 
some  conclusions  as  to  the  physical  geography  of  particular  districts  in 
former  geolt^cal  periods.*  From  these,  as  from  other  physical 
structures  in  rocks,  we  infer  that  the  strength,  velocity,  and  miHie  of 
action  of  moving  water  in  Iheoldgeologicalperiods  wereof  the  ?ame  kind 
and  intensity  as  those  with  which  we  are  familiar  at  the  present  day. 

Oontamporaneoiii  ILroaion  and  Filling  up. — Stratified  rocks  snnie- 
times  occur  in  such  a  way  with  respect  to  each  other  as  to  show  that  a 
bed,  not  only  of  sand,  but  of  clav,  coal,  or  other  soft  rock  after  bc-inj 
formed,  has  had  chaunels  or  hollows  cut  into  it  h^  currenla  of  UHlcr 
and  these  hollows  have  been  filkd  up  bi  a  part  of  the  bed  next  lij'"- 
sited      In  Fig  %9,  taken  from  a  road-cuttmg  in  the  New  Red  Sand-iune 


at  Rudge  Heath,  near  Wolverhampton,  1  was  a  bed  of  red  and  whiti 
marl  or  clay  ;  2,  a  cliocolate-brown  sandstone  with  irregular  beds  am 
patches  of  marl  ;  3,  a  bed  of  red  marl,  like  I,  but  which  seemed  a1  oii< 
time  to  have  been  thicker  than  now,  and  to  have  had  some  part  of  it 
npper  surface  carried  off  before  the  deposition  of  4,  which  was  a  browi 
sandstone,  that  in  like  manner  seemed  to  have  had  its  upper  surfao 
eroded  and  the  hollows  filled  up  by  the  deposition  of  5,  which  was  : 
mottled,  red  brown  and  white,  calcareous  sandstone,  or  cornstone. 

dimpled  "comnUDttlu"  ™  tlie  HiifuH!  of  beda  of  mtci-ichlit  In  BcolliBa  (fl.  G.  S.  L.,  n 
nH.  p.  MlJv  ibowtDC  that  tlMM  mla-*cldM(  mn  orlglBallr  btds  of  silt 
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lMioaiUBillluM«Snta«TBna(iMUgRrapof  badi.  TnOatatiaiylMdl 
1,  whkh  an  baUerad  to  hare  baeo  depoaitad  in  a  ihallow  baj  or  gii)^ 
rim*,  and  tbenlbia  tmattd  hj  enrrenta,  tfiii  atractnrg  ii  frcqnoat 
okMt  asamplM  ««m  obwrralila  in  tba  Urge  ezeantiDn  near  the  tor- 
Oe  Bonan  lailmr  in  A*  7«w  18SS.  In  a  cliff  abont  40  feet  high  in  the 
a  limeatona  foimaUai,  tdlad  the  CUoaln  St.  Oaan,  I  law  two  troogli- 
■I  abont  GO  farda  ifuri  ;  the  b«di  pnTianalr  fonned  heTing  been  axea- 
1  depth  of  30  foet  and  a  width  of  1^  and  the  hollows  thna  fanned  being 
br  imgolai  lualMM-ahapad  *  aipanaiona  of  tbe  npper  bada.     (Sea 


ntarPuia.  fllltdnpbjthickenlngof  the 


-  trongh-like  hoUoira  are  met  vith  in  coal'mining,  the  cm]  being  eaten 
the  hollows  filled  np  by  the  matter  which  oompoMB  its  roof,  inch  u  clay, 
.nilitone.  Ur.  Buddie  htta  described  very  full;  one  met  with  in  tha  Fomt 
here  tbe  mioen  gave  the  nune  of  "  the  hone  "  to  the  gtnff  which  thna 
come  down  and  pre»  out  the  cool.  This  troogh  was  found  to  branch 
il  over  a  coosiderablB  area,  and  lo  asanme  all  the  appearance  of  having 
«!  by  a  little  stream  with  small  tributariea  falling  into  it ;  the  cbanneli 
am  being  lAerwards  filled  up  b;  the  subeequently  depoaited  materiala 
■preod  orer  the  whole  coal.f 

^T  raodification  of  thii  arotive  action  ia  lepreeeBtad  in  Fig.  31,  taken 
Ich  made  in  a  qaarry  in  the  neighbonrhood  oiF  Bobart  Town,  Tasmania, 
id  of  soft  brown  nnctaoiu  clay,  about  a  foot  thick  (£),  lying  between  two 
rd  white  sandstone  (n  and  cCj,  suddenly  ended,  and  its  plice  was  occupied 
ne  (c)  similar  in  chsTK^tOT  to  the  bods  above  and  below  it.  We  must 
e  snppote  that  after  the  (brmatjon  of  tbs  bed  ot  sandstone  (a  a),  a  bed 
was  depoaited  over  a  certain  portion  of  the  ares,  and  that  then  a  cnmnt 
ore  back  the  little  bed  of  clay,  so  as  to  form  a  small  cliff  or  step,  and 
deposited  the  sand  (c)  sgsinst  it,  as  represented  in  tbe  diagranL  "Hie 
thus  eiactly  on  the  same  level,  but  not  eracUv  amtempcron^iMit,  were 
ered  by  the  bed  of  aandstone  {d  d),  which  spread  equally  owr  both  ot 
Lcb  facta  give  na  faither  proof  of  the  length  of  tbe  interv^  whkh  may 
ween  the  fonnation  of  two  beds,  anch  ss  a  and  ^  and  alao  oantios  us  not 
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in  all  cases  to  infer  strict  synchronism  from  the  fact  of  beda  occupying  tiie  same 
geological  horizon. 

r  I  '       .. 

•  ••....J •••••I-     ••'t     • 

_  t  -  — u  -  .  -  . T :  i  .  «■  -r  .•  -  -  -  . 

I         _  .  •-'•'X- .•'  —  ™»—  »-"--J~'''l»'"~     "    " 


Fig.  81. 
Eroded  terminationof  bed  of  clay,  with  sandstone  fonned  against  it  (Hobart  Town,  TaBmaaift). 

Contemporaneity  of  Beda  on  same  Horiaon. — If  a  gronp  of  beds, 
whether  large  or  small,  have  the  arrangement  shown  in  Fig.  32,  the 
B 


Fig.  82. 

order  of  the  formation  of  the  beds  is  clear  enough  as  regards  tf,  hy  and 
c  ;  but  d^  rf*  may  either  have  been  deposited  contemporaneously,  or  one 
before  the  other  ;  e  is  clearly  subsequent  to  them  both  ;  but  the  rela- 
tive age  of/^  and/3  £g  uncertain,  while  there  is  no  doubt  about  that  of 
g  and  h.  If  we  wished  to  estimate  the  whole  time  consumed  in  the  iot- 
mation  of  such  a  set  of  beds,  it  would  be  obviously  wrong  merely  to  take 
their  mean  thickness,  as  shown  at  A  B,  for  the  measure  of  that  time. 
The  whole  thickness  of  a  had  been  deposited  before  h  had  been  begun, 
and  both  were  complete  before  c  was  formed.  If,  therefore,  we  assume 
thickness,  or  quantity  of  material  deposited,  as  the  measure  of  time 
occupied  in  deposition,  it  is  clear  that  we  should  add  together  the  mftrima 
of  a,  6,  c,  and  not  take  their  mean  ;  and  in  doing  this,  we  should  feel 
some  doubt  as  to  whether  we  ought  not  to  reckon  d^  and  d^y  and  simi- 
larly /^  and  /*,  as  two  consecutive  beds,  instead  of  supposing  them  to 
have  been  formed  at  the  same  time. 

The  more  carefully  we  study  the  stratified  rocks,  the  more  extensive 
become  the  periods  of  time  we  have  to  allow  for  their  formation,  and 
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imnetaiis  and  loDgeir  are  the  intsrfab  of  non-depositioii  that 

bfttflcttioB,  AjMooiatioii,  and  AMamslioii  of  Bads^ — ^No 
le  can  be  laid  dow9  aa  to  the  associatiQn  of  difierent  kinds  of 
one  another.  LLmeatoneay  aandstonea,  and  dajrs,  occor  either 
e  groupe,  or  interstntified  one  with  the  otiher  in  every  inui- 
ffiety  at  dispoaition.  We  have  aometimea  a  aeries  of  beda, 
Ireds  of  feet  in  aggregate  fhicknesSy  of  nearly  pure  limestone, 
«ly  a  BingLe  seam  of  day  or  sand,  eren  so  much  as  an  inch 
stances  of  this  are  shown  in  the  Chalk  of  the  south-east  of 
ind  the  Carboniferoiia  limestone  of  Derbyshire^  and  of  large 
r  Ireland. 

186  of  the  CShalk,  there  is  hi  some  places  a  thickness  of  as  much  as  1000 
almost  powdeiy,  and  neariy  pore^  white  carbonate  of  Ume^  tiiat  looks 
I  artificial  than  a  natoral  prodnct  Its  stratification  even  is  oooaalon- 
ct,  aa  if  there  had  been  almoet  a  oontinnoos  deposit  of  this  material 
J  any  inteimption,  thongh  this  is  probably  the  xesolt  of  the  oompaia^ 
oonaolidstion  of  the  rock  rather  than  of  its  rapid  aocomnlation. 
iistrict  called  Bmmn,  in  Ocmnty  Cita%  there  are  hills  more  than  1000 
cpoeing  alif^tiy  inclined  beds  of  Owboiuferons  limestone,  bare  of  soil 

*  coTering,  from  their  summits  down  to  the  sea.  A  thidmess  of  1400 
t,  is  thus  shown  without  a  trace  of  any  other  bed  than  grey  limestone, 
lional  nodules  or  thin  seams  of  chert. 

'  beds  of  sandstone,  almost  entirely  deroid  of  calcareous  or  argillaceous 
having  a  total  thickness  of  many  hundred  feet,  likewise  frequently 
gravd^beds,  now  compacted  into  conglomerate,  are  often  associated 
and  the  sandstones  exhibit  every  variety  of  texture,  from  lines  of 
»  to  the  finest  possible  grains.  In  such  masses  of  sandstone  it  is  rare 
foreign  bodies,  and  mineral  concretions  or  chemical  deposits  hardly 
a  theoL  Groups  of  beds  of  almost  pure  day  also  occur,  making  up  a 
iss  of  several  hundred  feet,  with  hiuidly  a  single  bed  of  sandstone  or 

•  be  found  in  them. 

cases  of  this  accumulation  of  some  particular  kind  of  matter, 
ickness,  are  by  no  means  rare,  it  is  perhaps  more  usual  to  find 
leds  of  rock  alternating  one  with  ^e  other,  sometimes  so  in- 
i  that  there  \b  never  a  greater  accumulation  than  twenty  or 
of  any  one  sort  without  others  interposed  between  them. 
Lmestone  are  frequently  separated  by  beds  of  day  or  shale, 
aost  commonly  black  or  brown.    These  days  are  themsdves 
calcareous,  and  there  seems  occasionally  to  have  been  sudi  an 
gllng  of  the  two  kinds  of  matter,  that  it  is  hard  to  say  whether 
le  most  proper  to  call  the  rock  an  indurated  calcareous  clay  or 
ceous  limestone.     Such  are  some  of  the  beds  known  as  Galp 
Calp  limestone  in  the  neighbourhood  of  Dublin.     Beds  of 
,  again,  often  alternate  with  such  shales,  so  that  we  get  a  series 
■tiMrfimg  of  alternations  of  all  these  kinds.    Beds  of  limestone 
I  alternate  with  sandstones,  some  of  whidi  may  likewise  be 
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oJeH«o«»  :  tms  it  U  more  nre  to  find  pim  limesfccme  and  pme  a 

4S«>ne  intvncncided  with  each  other,  than  to  have  dftyej  beda  a] 

TMOinic  with  either  .^  with  hoth.     Speaking  generallj,  indeed,  we  1 

in  e»uiiiD)&<  'Jiff  wttical  Acceanon  of  beda  of  rock,  an  approach  to 

MBae  kind   >r'  pomace  chat  we  sometimee'  perceive  in  their  lateral 

fi«iM«.>ii.     BM«  '*i  venr  fiiu^  and  rexy  coaxae  mateiiala  azely  xeat  dire 

■.«zie  upk«B  :he  «.»ther.    Con);lomerat«s  are  ^nerally  covered  and  vaidet 

by  4aiKUu«iie««  and  not  by  clays  or  shales.     Coane  aandwhwn,  in 

MBK  w^y.  htf  usually  a  l^  of  finer  aandatone  eifcha  abov«  or  U 

before  jibaW  -^r  olay  i.vcaxa. 

TW  cra&Miion  from  the  conditions  favourable  to  the  deporitioi 

^>iie  kiud  of  Tvvk  Co  choM  conducive  to  another  has  gauaHy  I 

^MkixAiiL     The  tranquil  water  of  the  open  eea,  which  aeema  to  be 

keeaerat  pnniuivr  of  limestone,  becomes  first  invaded  hj  gentle  euR 

bhuicinK  in  finely-4iupended  mnd,  before  it  ia  liaveiaed  hytihoM 

Mittci^Bt  «rvn<th  tk>  carry  out  the  coarser  matprial  of  aand.    Kol 

(V«^uetttty«  bowifwr,  alt«*mation9  of  finer  and  coarser  grained  kmi 

vxvur  even  iu  :h«*  .<mie  b^  of  «bale  or  jomdstone,  proving  that  the  1 

wsiit  tViriiu.il  b\'  jk  'tiuvesc^ii^n  of  Actioiu^  and  by  as  many  different  d 

v^ri^M  )t  itiactf  r  :*jlc.'  :he  water  a$  there  an*  ^ts  of  altemadona 

l\  w'!i  V  w-*r.,  '.vrha;.)!**  v  ^Iw  berv  in  !a«taoce  of  alternation  of  beds,  tai 
rVMit  K-M  il  >NHtrrs  i*.:oa  ;Uki  'Jiedrf'^wm^nii.  The  following  is  from  a  table  1^  f 
f«*.ir  l*h  i:j.^       • 

Rrt!-*  'f  -feiKiUii'Tse,  .'aII<«I  M'^L<it>me  Grit,  together 

K  Vat    •(  !.'ij«f»tjce 
K»!»!-«    -f  ■c.'t.ilif 

}it^\*  ■•f  «hAl«       .... 

A  ^•«^l  <.>r  Ah^^ 
II.   (V'w  oh^rt.     i(V»w  »  a  Ix^al  unx^ 

10    Sh«W<i 

V.  8«*c«>ikI  or«»w  ch<rt 

(Yiw  1iin«wtniHri*  ()>n.>^.al>ly  in  several  IviLf) 

SwbUtoue  or  kCriUtoue 

SAiiil«t(*n«  iir  ^ritotone 

Sha>«M 

9.   ifiitiitnne  in  *««T«fral  l^etN  • 
'J.   ilinllM  ^a  kind  of  HUld4^tntry 

Hhaln 


21 

3».v 

1» 

17 

u 
li 


s. 

7 
4 


1 


B«ds. 

67 

30 

2 

13 

3 

6 

3 

25 
16 

1 

6 

9 
12 
12 

6 

1 

7 

S 
8S 
10 
IS 


3HS 


*  <>nf'V«  ttf  r^r ktkirf,  TxA.  II  p.  <4  Ib  all  Ubalar  lists  mt  beUs  or  fonuativnf  lo  < 
work.  Uw  «vriM  will  W  arraii4e««l  «*Q  th«  pa^e  In  their  order  of  superposition,  bat  xh*j ' 
b«  BBmbarcd  In  vnlcr  of  afs,  beglnnlDg  with  tiis  lowest  as  the  oldeat  or  flnt  fonu<«L 
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,  with  •) 
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Joft  brown  «trthj  ahile,  ) 
with  mbandince  o(  fouili  ( 
■nd  msny  irregnlar  Uijen  f 


r^^^3i_^ 


5.  Thin  JTreguIarly  bedded  lime-  ) 
stooe,  with  ^sje  it  top    .  ) 
4.  Compact  limestone 


3.  Llght-grej-  compact  limeibins 
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These  beds  are  grouped  together,  with  some  others,  iioder  the  name  of  the 
"  Millstone  grit  series,"  by  Professor  Phillips,  it  being  often  neoessary  to  supply 
some  one  designation  to  a  complicated  series  consisting  of  all  kinda  aif  rock.  In 
ainking  coal-pits,  many  alternations  of  arenaceous  and  aigillaoeoaa  rocks,  the  latter 
sometimes  containing  ironstones,  are  almost  inyariably  met  with,  beds  of  coal  of 
different  thickness  and  quality  occurring  here  and  there  in  the  aeriea. 

Numerous  examples  of  Tertical  sections  of  coal-pits  are  giTCD  in  the  pabUcatioDi 
of  the  Geological  Survey,  as  well  as  in  other  works,  showing  aometlinea  tiie  existence 
of  several  hundreds  of  alternations  of  different  beds  with  « total  thir^f  of  some 
thousands  of  feet. 

It  is  to  be  specially  noted,  as  regards  the  occurrence  of  ooal,  tiiat  H  almost  in- 
variably rests  on  a  fine  argillaceous  bed,  often  what  is  called  **  flTBolaj."  This  fact 
is  familiar  even  to  the  miners,  so  that  it  has  received  the  name  of  ^'nnderday"  in 
the  South  Welsh  district,  and  in  others,  as  in  the  South  of  Ireland,  is  called  "coil 
9eaL"  The  general  order  of  superposition  (or  of  time  of  formation,  for  these  are 
convertible  terms),  is,  1.  Sandstone ;  2.  Clay  ;  8.  Coal ;  4.  Clay.  If  we  dinegird 
the  minor  alternations,  we  should  see  this  iiile  carried  out  in  almoat  all  aectioDi  of 
Coal-measures,  the  day  above  the  coal  (the  roof)  being  generally  thinner  and 
stronger  (more  shaly)  tiian  .that  immediately  below.  In  some  few  instances  the 
coal  seat  is  arenaceous,  and  still  more  fluently  a  sandstone  or  "  rock  "  roof  may 
be  found. 

The  section  (Pig.  88),  supplied  by  Mr.  G.  V.  Du  Noyer,  was  taken  in  a  quarry 
near  Old  Leighlin,  County  C^rlow,  where  the  top  beds  of  the  Upper  Carboniferoiu 
limestone  of  Ireland  pass  into  the  lower  Coal-measures. 

Iiateral  Change  in  the  Iiithologioal  Charaotera  of  Beda. — ^It  has 
been  already  shown  that  every  bed.  must  necessarily  thin  out  and  termi- 
nate somewhere  on  all  sides,  and  it  has  also  been  shown  that  beds  lying 
side  by  side  on  the  same  horizon  are  often  different  in  lithological  com- 
position.    What  is  true  of  one  bed  may  be  true  of  sets  of  beds,  so  that, 
while  the  whole  of  a  set  of  one  kind  of  beds  may  in  one  direction  be 
replaced  by  a  set  of  a  similar  kind,  in  another  the  replacing  set  may  be 
of  a  totally  different  kind  of  rock.   We  might,  for  instance,  in  one  locality, 
have  a  series  of  limestones,  resting  one  upon  the  other,  yrithout  the  inter- 
vention of  any  other  beds.     As  we  traced  this  group  across  a  country,  we 
should  perhaps  find  that  little  '^  partings  "  of  shale  began  to  make  theii 
appearance  between  some  of  the  beds  of  limestone,  and  that  as  we  pro- 
ceeded these  shales  became  thicker  and  more  numerous,  while  the  lime- 
stones became  thinner  in  proportion.     Some  of  the  limestones  would 
perhaps  then  altogether  disappear,  and  the  shales  themselves  would  be 
partially  replaced  by  beds  of  sandstone,  until  at  length  we  should  find 
our  series  consist  almost  entirely  of  sandstones  and  shales,  with  only  one 
or  two  very  subordinate  beds  of  limestone  perhaps,  to  represent  the 
purely  calcareous  group  with  which  we   commenced.     The  diagram. 
Fig.   34,  gives   a  rough   representation   of  this   lateral   change,  but 
requires  to  be  drawn  out  to  twenty  or  thirty  times  its  length  before 
it  could  be  taken  as  a  proximate  delineation  of  the  facts  as  they  occur 
in  nature. 
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Tlie  scale  upon  wbioh  these  lateral  changes  of  chaxacter  axe  carried 
fa  •Itogether  indefinite.  We  see  it  sometimes  take  place  with  respect 
gKfop  of  heds  within  the  limits  of  a  single  qnany ;  in  other 


In  this  dfcignuii 


Flg.M. 

the  white  bands  we  meent  for  limeetonee,  the  black  for  ihalea, 
and  the  dotted  for  aandatonee. 


ly  a  distance  of  a  few  hundred  yards  or  a  few  miles  is  requisite 
re  the  alteration  is  apparent  Some  groups  of  beds,  indeed^  preserve 
r  mineral  characters  but  little  altered  over  whole  countries  or  across 
le  continents.  Still,  judging  from  what  we  know,  we  must  always 
.  onraelves  prepared  for  change  even  in  the  rocks  that  seem  most 
tent  in  their  characters  ;  and  as  a  matter  of  fact,  we  know  of  no 
groap  of  aqueous  rocks  that  preserves  the  same  mineral  characters 
U  paxtB  of  the  earth. 

Te  hare  many  excellent  examples  of  these  lateral  changes  in  groups  of  strata 
in  the  limits  of  the  British  islands.  We  can  perhaps  hardly  instance  a  more 
letoirtie  one  than  that  afforded  by  the  group  of  beds  known  as  the  Lower 
gMf  which  are  readily  traceable  in  one  continuous  ridge  from  Somerset,  through 
eastenhire  and  the  centre  of  England,  to  the  Hnmber,  and  reappear  again  as 
ground  in  the  north  of  Yorkshire.  These  beds  repose  throughoift  upon  some 
■hales  and  days  known  as  the  Lias,  and  are  throughout  covered  by  a  thick 
>  of  day  called  the  Oxford  Clay,  and  appear  everywhere  to  form  a  continuous 
•  at  beds.  The  Lower  Oolites,  which  thus  lie  between  these  two  great  clay 
nta^  consist,  in  the  south  of  England,  very  largely  of  oolitic  limestones,  and  it 
ben  they  received  their  name  of  **  The  Oolite,  while  in  Yorkshire  the  lime- 
Bi  lie  repbued  by  sandstones  and  clays,  with  beds  of  coal,  and  the  thickness 
Dflhlerably  greater  than  in  the  south.*  The  section  of  the  two  groups  may  be 
tfbed  as  follows  : — 


The  Okmcettenhire  section  is  taken  from  Cooybeare  and  Phillips'  Oeoloffy  qf  Kngland 
WmUi^  and  that  of  Yorkshire  from  ProfeMK>r  Phillips'  Owlogy  <if  YiyrkiMn,  with  which 
MSB  eooipaced  his  paper  on  the  Oolite  and  Ironstone  series  of  Yorkshire  in  the  Jcwmal 
tGmlogttalSoeUtifdif  London,  vol.  xiv.  p.  84. 
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Glouoebtebshise,  bto. 

Oxford  clay. 
5.     Cornbrash 
fCl&y 
Calcareo-fiiliceous  sand 
4. '  Forest  marble  . 
Sand 
LClay 
8.     Great  oolite    . 
'  Blue  Clay 
Fuller's  earth  . 
2.-!  Bastard  Fuller's  earth,  ) 

with  a  band  of  shelly  >  100 
sandstone    .         .    ) 
Inferior  oolite  .        80 


Feet 
16 

91 

180 


14^ 

8 


1. 


Calcareous  sand 


50 


Total 


yi22 


80 


439 


TORBSHmS. 

Fc 
Oxford  clay. 

5.     Cornbrash .... 

M   (  Sandstones  and  shales,  with  )  ,q 
'  I      ironstone  and  coal  ) 

3.    Gristhorpe  oolite  .  1 

a  (  Sandstones  and  shales,  with  )  .^ 
'\     ironstone  and  coal     .        ) 

YeUow  and  grey  micaceous  ^ 
1.  {      and    ferruginous     sand-  >  7 
stone        .         .         .        ) 


Lias. 


Total 


.  73 


Lias. 


Still  greater  changes  take  place  in  the  lateral  extension  of  the  larger  group 
rocks  known  as  the  Carboniferous  formation,  when  traced  from  Devonshire  i 
Cornwall  through  the  centre  of  England  into  Scotland,  or  from  the  south  to  ' 
north  of  Ireland,  as  will  be  seen  farther  on  when  we  come  to  describe  the  typi 
rocks  of  that  formation. 

If  the  diagram,  Fig.  34,  be  supposed  to  represent  a  series,  not  of  individ 
beds,  but  a  series  of  formations,  so  that  each  of  the  divisions  be  supposed  to  be  mi 
hundred  feet  thick  and  many  miles  in  extent,  they  will  equally  represent,  i 
rude  manner,  the  way  in  which  the  stratified  crust  of  the  earth  is  made  up. 
single  bed,  no  group  of  beds,  no  series  of  beds,  no  formation,  is  of  nnlimi 
extent.  They  all  come  to  an  end  somewhere  ;  having,  at  their  first  formation, 
the  very  conditions  of  their  production,  gradually  diminished  and  died  away 
eveiy  direction  from  some  local  centre  or  centres  of  deposition. 

19'omenolatare  of  Groups  of  Beds. — It  may  be  asked  here,  if  1 
lithological  characters  of  groups  of  beds  be  so  variable,  how  is  it  tl 
geologists  identify  rocks  by  the  same  designation  all  over  the  glol 
How  is  it  that  we  speak  of  Silurian,  or  Cretaceous,  or  Carboniferc 
rocks  in  Australia,  in  Africa,  in  Asia,  and  in  America,  as  well  as 
Europe  ?  The  answer  is,  that  geological  terms,  when  applied  to  roc 
in  this  sense,  have  a  purely  chronological  signification  ;  they  re 
to  periods  of  time  ;  they  mean  that  the  rocks  called  Silurian, 
instance,  in  Australia,  were  formed  during  the  same  great  period  of  t 
world's  history,  as  those  which  are  called  Silurian  in  Siluria.*  H 
this  is  proved  will  be  shown  farther  on  ;  but  it  is  necessary  here 

*  Not  that  strict  contemporaneity  in  affirmed,  but  that  the  Silurian  rocks  were  fon 
during  the  same  relative  x)eriod  in  the  history  of  the  development  of  life  in  one  region  a 
another,  though  the  period  may  have  been  somewhat  earlier  or  later  in  different  countri 
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student  of  tlus  meamngy  in  order  that  he  may  not  form 
lotions. 

depositions  aie  now  taking  place  in  Bass'  Straits,  for  instance, 
n  the  English  Channel :  in  like  manner,  mineral  matter  was 
sontemporaneonsly  here  and  there  npon  the  earth  at  all 
its  history  siace  land  and  water  came  into  existence  upon  it 
find  out  those  rocks  which  were  sunoltaneonsly  formed,  we 
late  them  by  a  common  name,  simply  to  point  out  the  fetct 
ilarity  in  age,  without  inferring  that  Uiey  were  ever  parts  of 
IS  mass,  or  were  formed  of  the  same  materials,  or  were  pro- 
tly  in  the  same  way,  or  under  precisely  similar  conditions, 
irer  may  be  the  origin  of  the  name  we  adopt,  whether  it  be 
ir  lithological  character  at  the  locality  where  they  were  first 
3r  whether  it  be  deriyed  from  some  mineral  substance  con- 
them,  or  from  the  place  where  they  are  best  seen,  or  any 
«,  we  must  be  careful  to  recollect  that  the  name  will  usually 
name  and  not  a  description,  since  its  original  meaning  can 
r  be  universally  applicable.  Just  as  we  find  Mr.  White  and  Mr. 
Long  and  Mr.  Short,  with  persons  the  very  reverse,  perhaps. 
At  names  would  imply,  so  we  may  in  geology  have  the  name 
r  ''green  sandstone*'  affixed  to  rocks  which  in  some  places 
red  nor  green,  nor  even  sandstone,  so  we  may  have  "  coal- 
which  in  some  places  contain  no  coal,  and  "  chalk"  or  "  cre- 
ocks  which,  in  some  parts  of  the  world,  consist  of  black 
brown  sandstones,  or  of  dark  clay-slate, 
and  Vertical  Changes  in  Gkroups  of  Beds,  the  natural  result 
[ode  of  Formation. — The  apparent  contradiction  that  arises 
be  ^deification  of  the  name  of  a  group  of  beds  and  their 
L  character  is  often  a  difficulty  in  the  way  of  a  beginner ;  but 
jmes  to  reason  on  the  modes  of  formation  of  stratified  rocks, 
much  easier  to  explain  their  variable  character  by  reference 
sent  course  of  nature,  than  he  would  to  account  for  their 
7,  if  each  formation  retained  everywhere  the  same  lithological 


-cmarkB  in  a  tnbeeqoent  chapter  on  Sea-bottomf,  especially  with  reference  to 
nd  Pacific  Oceana 


I 


CHAPTER   VII. 

JODTTSy  FORMATION  OF  BOCK-BLOCKS. 

We  could  not  long  study  the  stratification  of  aqueous  rocks,  withoat 
being  struck  by  the  occurrence  of  other  planes  of  division,  which  cut 
the  first  at  various  angles,  and  assist  them  in  dividing  the  rocks  into 
regular  or  irregular  blocks.  We  should,  indeed,  veiy  soon  perceive  that 
all  rocks,  stratified  or  unstratified,  igneous,  aqueous,  and  metamorphiCi 
are  traversed  by  numerous  planes  of  division  of  this  kind.  They  may 
be  seen  in  any  quarry,  or  in  any  natural  or  artificial  excavation  in  any 
solid  rock,  traversing  the  rock  in  various  directions,  and  separating  it 
into  blocks  of  various  shapes  and  sizes.  These  divisional  planes  aie 
called  JOINTS.* 

Without  natural  joints  the  quarrying  of  stratified  rocks  would  be 
very  difficult,  and  that  of  unstratified  rocks  almost  impossible.  K  beds 
of  sandstone  or  limestone  were  imdivided  by  natural  joints,  each  blodt 
would  have  to  be  cut  or  split  by  artificial  means  on  every  side  from  the 
rest  of  the  bed  ;  but  in  rocks,  such  as  granite  or  greenstone,  which 
have  no  beds,  the  blocks  would  not  only  have  to  be  cut  away  on  each 
side,  but  underneath  also.  It  would  obviously  be  a  most  difficult  if  not 
impossible  task  to  di^  out  a  large  block  of  granite  from  the  midst  of  a 
solid  mass  untraversed  by  any  natural  planes  of  division  of  any  kind. 

Cuboldal  or  Quadrangular  Joints. 

For  the  production  of  natural  blocks  of  rock  there  must  clearly  be, 
at  leasty  two  sets  of  joints  in  stratified,  and  three  sets  in  unstratified 
rocks,  each  set  more  or  less  nearly  at  right  angles  to  each  other.  (See 
Figs.  35  and  36 .)  If  we  compare  a  set  of  stratified  rocks  to  a  pile  of  slices 
of  bread,  it  is  clear  that  to  divide  these  into  square  pieces,  we  must  cut 
them  in  two  ways,  lengthwise  and  across.  The  imstratified  rocks,  how- 
ever, would  resemble  the  whole  loaf,  which  we  must  cut  at  least  tn  three 
directions  in  order  to  divide  it  into  square  pieces,  first  horizontally  into 
slices,  and  then  lengthwise  and  across.  In  addition  to  these  fewest 
possible  sets  of  joints  in  the  two  kinds  of  rock,  there  are  in  reality 
others  in  various  and  irregular  directions  ;  but  inasmuch  as  three  planea 

*  This  term  \m  known  to  most  quarrymen,  thongh  they  often  distinguish  them  as  "  bscks  " 
and  "  ends,"  or  *'  backs  "  and  "  cutters/'  and  often  confound  planes  of  strstifioation  with 
them.    In  Cornwall  it  appears  that  the  word  "  seam  '*  is  often  used  to  denote  a  Joint 
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Be  OK  laM  Marlj  at  rigbt  au^  to  neh  other  are  Uw 
■tU  conditiom  foe  tits  aegaiataoa  of  loek  into  bbelc^  aad  m  thnt 
ridifUiit  plane*  at  i^t  ai^^  to  owik  other  wmtld  finm  onbe^  ve 
f  ip«ik  (^  j<niits  that  fbnnii^  qnadnoignLlar  blocks  ai  eiAoi^U  or 
AvMM&ir  jtnnti,  to  fiMingoitb  then  Cram  thoM  iridch  pndnc 
am,  and  m  mar  I'X'^  °P*>'>  thiee-eoBua«d  i 
eljr  poitiona  of  enboodil  OBOL 


.    <)aui7  DMT  HiHoii,  Cout;  CoA 

«r,  an  tfaa  plaoM  of  atntiflcation,  while  th«  nnooth  neuly  yertical  nir- 
h  fonn  the  fue  or  wall  <a  the  qnany  and  boaod  the  piQJectiiig  comen 


dL  an  the  Joint-riuie*.    One  Mt  cJ  thwe  Joint*  nmi  lenglhwiM  through  the 
ry,  and  makM  the  ncctMtTe«niftefaoD  which  the  light  lUli;  tlMottuiHt 


J  70 


gecjgxost. 


tnmi*-  tb«  dari:  rart'aoe>  irhicV-  art  s;  tisd'  a!i;:ie^  if  tbs:  Icr:  -r-^  ir-i  «iki 
joint-  i»«*l"iit:iu;:  l'  liu>  se:  aiv  riiifun  n*  lii*.  iiear'T  ve^i-.^  i::t^  «i.-  ixriieS 
u)Kii  tii<M«4-  ii:;n!  Kurlauefe.  tiiuBt.  luie.--  'otiuc  iii'.  trviizt;^  n:  .i>iur*:>uzir^ 

Vv^.   o«;  !■    Irnii.    c    Kk^tci    lakfri-    rr    M:     In.    V. ■.-■-:.   n.  ".iir   '.ltr  riiuB 

\f  a*.  niH'f  liiniarrni  iha:  tiii*  n»ck  eiiiiKii-  l*-  rcciuaT  irnii  ■'n-^  -^  f  TjnDi 
iiluiii'!  i>!  'hviJiioii.  riuriilv  iiit:hii(M.:  v  iii»  ru;:i:.  s-eni-  i-  ii-»'v;;:.  -j:^  zr-  Z'LT^  i  t 
aiin  aii'iliic  M-i.  biiriiiv  iziciuieii  t*  tin  leti.  ii.  aii'iiii*"  ijari  T:rr^  ri^-'.iifia 
"l»rriia]if.  »m  ii-  eu  J.  caM-  lakeii  lo*  ])iaue-  u:  ^I^a; in '■;iii-i-,  aiii  iii'  -■.^■^  i  tv 
iH'iwet'i.  tl«!ii  i»  iromjiilereii  t'  J»  ifiu.  Tin**  ar»..  ii'^v^rsr.  r..'?z>--7  :■«  *c^J 
.V»inl.'..  am'  tlwy  an  cnwiw:  hy  ji  linrii  m**;  t>?.iiiu':!1i^  tu?  ?-:»iiL---l  ffc  t?  f  w 
vljicii  tpiiii  tiM  sin;ctat''»r.  li.  "walkiUL"  armu:  iii-  uuar-;  •'a- L  ■!  LLr^  "»!.-« ?< 
nl  iiiiux-  iK-iMiUiff-  Hi'vs:  i-nn^iupiiiiUh,  accortiiur  t*  xti*-  Ti-iai:  -'i  t-i-v  »-l  i  rut 
liikirii  .  Willi*  tlipy  art  soni'-tniie'  al  uia-^k^Hi  nr  niwr-urvil  '<y  &  L::JLiirr  .■'  -^ 
imjjrula'  .i'.»iiit-  wiiu-l:  cut  tb«-  mah>  il  maiiv  ivjn?*  dirtfU-.iis 

i;,nu*our .  u  disiinrtioij  ic  in-  liniwij  In'rvrt'ii  LLt-  •"  luasiri  j ■.■::.:?,'  ■::  iIk 
lurjj*  ]ilaiif»  iii"  division  wLidi  rim  rei'ularly  jw^rullt-]  t.-  rii;L  •.•:Lrr  o^ 
luiv  di-^ttim-e-  }M»tL  in  lenmL  und  I'l-t^uihU.  ;iud  lij-  runivr.-a?  ?rdJ! 
|i»iiii-  Avliii'li  nti»'ii  mivorw  lilt  liii-k  11  l!!  ■iir'/:Tr-:i'  :  :  •■':;  r  i.-toD^ 
and  "^I'lMnii*-  ii  iiit*-  ktuuII  aiiimiaT  ::';L.iiiMi;-.  Yl'-.^  .'..-::::.:■.:;  :.-, Ui 
v\*"i.  mi'  wiiii'i.  i;  i.-  diu-L  diftn'uli  v-  ]> -il:  ■•iv:.  ^'l'.i-.-.v  ilnre  :.r'.- i:.i 
ItiMi!-  nj  iiii»-nii"diaU  uliiirai'U.-r.  >.iiii'.iiiiit  s.  iij.i— v":.  :l  ;.  j  ;»-.:>  r;-: 
tilt  j.»iiii- jiu  ■"  iiiiiii"!MU-.  iiini  iin  liir  t  •■  k^  ii:  ••.  zi^.ii.y  I:rr.  :li:-.n 
lii".  «in;.':i»iti  |iiiiiit*-  «ij  ^tratiti'-ati-iii  iir-  j.ii  'j-»-;lir^i  ■  0 ■■;.:  l^:v  ":  1  y  t:;vT^L.ii 
il  ir  iiiiii'-'-it.lf  1.'  -;iv  vLi-ii  i;Ti-  iiiv  T'i.iTj'.-  1  T:^i:..il  ^r7•ira:i 
iM'tw-ni  ;ii»  fK'di-.  and  vliU"iiui«  Uj  »^r- -.^  r-.."ti--..jri.i  ■■!:.■:::.  T::vrt  s 
'^"••j^.  "ij  ili"  oilivi  hand.  ■•!  i"ii.i-  a  irw  i'.-*:  ;;;»;.rt  i;i:ii:.i:  in  v\:\\ 
1mm'»"  ilin.ii::li  vh'ilv  iii";:ijiidii  lua-^M-^.  ih-v  r]iaLv  !■■  rwv.-i:  :«■■  Lrai 
a'.iia'Tiii  i-iiM-  lN.'iiu:  er-'h^-d  ini'  a  -j"'  ;•  TJ'~;ir-.  -•■  u^  Tc-  vr  .-Ivi.  -.•  a  iii« 

■  •  ■  J.  ■ 

irKJik'-ii  I'-aiiiTv  in  iIk-  ldll>  ihaii  ili'-ii  i.l.ii.r-  .-f  ^T^i^nII^..^:i  ■:;.  Sn 
ji.iiiij'-k.'j^-l«-  i"iLi*  an-  Tvr\-  strikiii '1\  t xhri'iit.-d  in  :Lv  iii...i:i::.ii:i  ;:r-'U 
bi:twi'ii  liiinirv  and  Kt-niiiart  Imvi..  in  ilu  s-.iu:L-wv>i  ^i  In-un-i. 

'J'Ji'.T'.  i"  in  Ki.nif  l^iH's  i-iiLfi  ^rwii  width  l-'iwrt.r-  :hr  rLaic- •'(  ■ 
jiuili'.-ulai  w:t  uf  j<dnlr:,  or  dnt*  set  is  iiMrc  nr  IrSf-  i«'m]dt*uly  ul-rriit, 
thai,  in  nn»;  din-ctinii.  th('  ^'ck  i-«  unl-n-kt-n  JVt  tnM!ii,ii-:aMe  di-Mv.« 
Tlii'^  niu*'!  ]i*'  ihe  ca^^^  with  the  ri»(kr«  fi-«'in  whiih  the  uiivftt  nhii'-h: 
j»iJhir»s  wrrif  <.'Xlra«;U'd  in  the  o]*\  E;:yj»ti;m  and  (-ilu'r  iinarrit*.^.  On 
hhoMfh  uf  Nirwfuundland  there  are  larje  exJK»^Tln■>  i-f  j^mnite,  in  wh 
<;nly  on«;  hH  of  jj<;qMindicular  jcinls  i^  ajij^ireiit,  and  iho>e  liavii;- 
width  of  Mfveral  yaHn  between  them,  and  ninnin^' parallel  for  cousii' 
aidi'  di!*lan(:eH.  Some  of  the  nxkn  iu  India  also  viidd  hiive  nK-nc'lit 
in  (-onM'qiience  of  tlic  ahw^n<.'e  of  one  set  of  jointi?,  f»r  the  di>tance  l«etwi 
tiieni,H(»  tliat  variouH  urtilicial  mean><  have  lu  he  adi»pted  to  split  the  ro 
into  lilo(-k>«  hmall  enough  for  onlinary  use.  The  beautiful  red  jtO'iinite 
ihii  Julund  of  Mull  in  likewifsti  remarkable  for  the  jKr^isteuoe  and  du: 
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b  of  ill  maafeer  jointBy  idiODee  bloeki  of  great  lengd^ 

jfUle  the  amfaeea  of  a  Uock  fonned  bj  the  jointB  always  approxi- 
' III  planes  when  Tiewed  on  the  laige  scale,  they  are  nevertheless 
rerj  nneven,  and  sometimes  even  curved.    I  observed  in  a 
qnany  near  Foynea,  a  master  joint  that  formed  a  surface  as 
eorved  aa  the  side  of  a  ship,  only  waving  backwards  and  forwards 
so  as  to  enrve  now  on  the  one  side  and  now  on  the  other  of 
iBpcndiBidar. 

I^m  or  Ctoie  JdntM, — Joints  are  generally  dose,  regular,  and 
■efaical,  in  proportion  to  the  fineness  of  the  grain  and  the  com- 
i«i  of  the  rock,  being  most  irregular  and  imeven  in  coarse  sand- 
is  and  conglomerates.  The  power  of  the  force  which  produces 
I  is,  however,  well  shown  in  hard  conglomerates,  since  pebbles  of 
I  white  quarts  are  often  cut  as  dean  through  by  the  joints  as  the 
pasted  send  in  which  they  li&  In  sandstones,  joints  are  frequently 
;;  in  ahales,  they  are  doser,  but  more  smooth  and  regular,  being 
seatly  perfect  planes,  with  the  sides  of  the  blocks  fitting  close 
iher.  In  Hmestones,  there  are  both  close  and  open  joints;  but 
open  j<nnts  have  be^i  widened  by  the  action  of  acidulous  water 
Iving  the  rock  on  the  sides  of  the  joint  planes.  Great  fissures  are 
stimea  formed  in  this  way  ;  and  this  has  doubtless  been  the  origin 
ttny  of  the  caverns  which  occur  so  abundantly  in  limestone  rocks.* 
ig^y  argillaceous  limestones,  however,  the  joints  are  often  beauti- 
r  ■mooth,  regular,  and  dose. 

laecieailre  Formation  of  Joints. — In  stratified  rocks,  it  often  seems 
I  each  bed  had  a  system  of  joints  formed  before  the  other  was 
nted  upon  it,  inasmuch  as  the  joints  formed  in  one  do  not  pene- 
( the  other.  There  are,  however,  always  other  joints  conmion  to  a 
le  set  of  beds,  and  produced  apparently  in  the  whole  simultaneously. 
not  uncommon  for  joints,  in  passing  from  one  bed  to  another,  to 
a  little,  or  slightly  change  their  angle.  In  such  cases  it  may 
oobtfnl  whether  a  joint  previoudy  formed  in  the  one  bed  may 
bave  given  rise  to  the  formation,  or  at  least  have  modified  the 
ion,  of  the  other,  in  the  bed  above. 


m  Buirren^  County  Clart. — In  the  barony  of  Burren,  in  the  northern 
f  the  county  of  Ckre,  hiUs  of  limestone  rise  more  than  1000  feet  above  the 
Itk  tb«  beds  almost  horizontal,  the  smnmits  of  the  hills  and  the  terraces 
vBtp  nrand  their  sides  showing  broad  floors  of  bare  rock  over  the  whole 
y.  The  joints,  which  are  very  numerous  and  very  regolar,  have  been 
id  by  the  ndn,  so  as  to  form  superficial  crevices,  sometimes  several  inches 
Ifc  SDd  several  feet  in  depth.  The  floors  of  limestone  are  cut  by  them  into 
ibsr  of  separate  blocks  of  quadrangular  and  triangular  forms. 


This  aettcm  win  be  described  in  the  secUon  on  Geological  iigencies. 

N 
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GEOGNOST. 


The  Ute  Mr.  F.  J.  Foot,  of  the  Geological  Surrey,  wL«:>  exsi^infr 
has  given  a  detailed  account  of  these  jointa.*    The  IjUowulz  h,p:^ 

N 


Fig.  37. 

as  shnrp  as  ^^^  One  of  these  is  shown  at  the  N.W.  corner  of  tlio  t 
were  «K:fasitinalIy  more  numerous.  Many  of  the  joint-j 'lanes  oou 
even  for  two  or  three  hundred  yanls,  hut  others  sonietinies  ended 
only  where  rmsseil  hy  another  joint,  but  in  the  centre  of  a  hhw. k  i. 
times  the  neigh U>urhocKl  of  one  joint-jilane,  or  the  span*  Wtwtxi 
hni)pencil  to  l>e  within  a  3*anl  or  so  of  each  other,  exhihitcd  a  nui 
fuljacent  minor  parallel  joints  not  more  than  an  inch  or  so  aj»art,  sj- 
across  into  vertical  8lal>3.  It  is  prohably  to  the  weatherinc  of  tin 
thiLs  jtroduced  that  the  long  jiarallel  crevices  an*  due  whitrh  hav« 
luentioiurd  as  remarkable  on  the  steep  sides  of  the  hills  alxmt  Br 
other  jflaces.  The  union  of  8«iuare,  sharj»ly  triangular,  and  cutv^ 
with  deep  fi.«wiires  l>etwecu  them,  the  surfaces  and  edges  of  th« 
curiouhly  n.un«lc<l  and  channelleil  by  the  rain  into  «»njumeutal  fict-\ 
white  limestone  were  melting  ice,  produces  a  most  singular  scene,  U 
is  athleil  by  the  magnificent  ferns  ami  other  plants  growim^  in  the  i 
joints,  which  seem  to  act  as  natural  conservatories  to  protect  the  v 
rough  weather. 

Face,  Slyne,  or  Cleat  in  Coal.  —  Beils   of    coal    oxliil 

lai-^^e  distant  joints,  like  all  other  rocks,  but  a  more  mini 

<lividiiij,'  the  mass  of  the  coal  into  small  cuboidal  lnmp.s.    T 

may  Ikj  observed  in  any  lump  of  coal  taken  fn.m  the  ooa 

the  student  will  t«ike  such  a  lump  and  place  it  on  the  ta]>L 

he  will  at  once  have  an  excellent  model  of  lamination,  i 

and  jointing,  as  well  as  this  other  structure. 


*  Sm  Explanation  of  Sheets  114, 122,  and  123,  of  the  3Iaps  of  the  Geol 
Irclauil. 
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d  splits  mort  xeadfly  along  the  planes  of  laminaliony  or  ^  ^ 
as  it  would  be  eonmumly  ej^nraesed.  The  saidhces  thus 
the  tops  and  bottoms  of  the  lumps  aie  generally  dull  and 
.  readily  soil  the  fingers.  At  right  angles  to  these  sorfEuses 
be  obeerved  which  are  generally  bri^t,  and  if  the  coal  be 
ken,  these  snifaces  soil  the  fingers  mnch  less  than  those  on 
1  bottom  of  the  lnmi».  The  bright  sorfiices  which  cut  verti- 
I  the  lamination  of  tiie  coal  are  generally  at  right  angles  to 
so  as  to  make  a  nnmber  of  sqiiare  comers,  and  one  set  of 
aally  more  peniBtent  than  the  other,  making  laige  smooth 
le  Inmp,  while  the  other  rides  are  more  jagged.  The  first 
»tb  vertical  surfaces  are  known  by  the  name  of  "  the  fjeuse," 
/*  or  ^  the  deet"  of  the  coal  in  different  districts— the  more 
I  set  being  spoken  of  sometimes  as  *'  the  end"  of  the  coaL 
*  of  the  coal  is  the  most  necessary  thing  to  attend  to  in  lay- 
working  galleries  or  gate-roads  of  a  coal-mine,  since  it  retains 
ism  over  very  large*  areas,  and  the  main  galleries  mnst 
be  driven  along  it,  while  the  cross  galleries  run  along  the 
he  coaL  Sometimes  the  *^  face^  of  the  coal  suddenly  changes 
•n,  and  I  was  assured  by  Mr.  Peace  jun.  of  Wigan,  when 
his  coal-mines,  that  this  is  especially  the  case  on  opposite 
irge  fault  In  some  cases  this  occurs  even  in  the  same  col- 
i  the  Haigh  Ck)lliery,  near  Wigan,  in  which  the  face  of  the 
part  runs  in  a  direction  2(f  or  30°  different  from  that  in 
volving  a  similar  obliquity  in  the  "  gate-roads."  t 
or  Phillips  t  says,  that  in  the  whole  of  the  North  of  England 
he  strike  of  the  deat,  or  hce,  is  about  north-west  and  south- 
!ver  may  be  the  strike  or  dip  of  the  beds.  Mr.  Warrington 
VB  that  in  some  parts  of  the  North  of  England  the  two  planes 
L  are  oblique  to  each  other,  so  as  to  make  '^  rhombohedral " 
irated  black  shales,  especially  when  slightly  calcareous,  some- 
rate  into  small  regular  rhombohedral  slabs,  not  more  than  an 
imeter. 
ve  this  to  be  a  true  "  joint"  structure,  carried  out  more  com- 

iring  of  8  coUier  in  the  NottinghainBhire  coalfield,  in  the  year  1838,  as  to  the 
the  alyne^  (aa  the  face  is  there  calledX  I  'was  infonned  that  it  "faced  two 
Qce  as  it  does  all  orer  the  world,  as  ever  I  heered  on/'  by  which  I  understood 
vonld  diine  directly  npon  it  at  two  o'clock  in  the  afternoon  in  an  open  work, 
anes  ran  about  W.N.W.  and  KS.B.,  and  were  persistent  in  their  direction,  in 
lant's  district  at  all  erents. 

rigan  district  the  "  gate-roads  **  are  caUed  "  brows,"  and  are  spoken  of  ai  **  np- 
"  down-brows,"  according  as  they  rise  or  decline  trom  the  "UtnU."*    The 
gfs  which  connect  these  "brows"  are  called  **  drifts.'' 
\eport  (m  CUavage,  presented  to  the  British  Association  for  18M  (p.  NSX 
seeQcDt  little  work  on  Cool  and  Coal'Minimg. 
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jfleldy  «nd  imiinfcdj  flaooi^  tieBMior  tiie  codL  flim  tbmcMj 
otihsr  xobkB,  w  iro  ini£^  cipaet  in  1MB  of  aoiA  a  Ime  gi^ 
gemty^  snd  lunnogBiieoHi  nfaitBifie,  m  ocmI,  and  one  tktfc  lia  ll 
■nl^jeot  to  w  inadi  oontaiAian  as  it  paaed  fann  a  mc^ 
aattar  into  the  Boniriirtmne  of  a  nek. 

PtpJoiBtK  and  Btifta  ycdntii — When  a  joint  nms  in  tte  4 
tion  in  winch  the  etzata  are  inclined  (or  with  their  difi^  it  k  cdl 
dipjoimt;  when  it  nms  at  a  zi^  angle  to  the  dip  (or  along  the  il 
it  is  known  as  KttnktJoiKL 

Axt  of  QnflRFiBc^ — Hie  dupe  of  a  qfrnny  wHl  depend  illqg 
on  the  direotian  of  the  master  joints  which  Uavewe  the  etone.  Oi 
of  these  joints  will  fann  whit  is  colled  the '^  Cue*  or '^  b«k"  d 
qnany,  or  the  honmdsij  wall  towards  which  the  men  are  at  saj 
woddng,  while  the  other  set  of  joints  at  tight  angles  to  these  sn 
along  which  they  woric,  and  these  are  cdled  the  ^  eadsy*  or  sqbhI 
the  '  eottezs*'  of  the  atone.  T!he  tenns  seem,  often  to  he  ned  i 
Tigndy  liy  qnaoymen,  jnst  as  they  nse  the  tenn  ^  bed*  or  'ibt 
fiigniiy  sometimeB  a  tme  bed  cnx&oe,  sometimeB  merely  a  sozfiue  lb 
by  a  hoxizontal  joint.  Whatever  may  be  the  terms  nsed,  hove^ 
is  dear  that  the  whole  art  of  qnanying  eonsists  in  taking  sdvanti 
the  natural  division  of  rock  by  joints  and  planes  of  laminsrioi 
Btratificarion  where  the  latter  exist 

FHamatie  Jointa. 

The  joints  hitherto  spoken  of  prodnoe  blocks  whidi  are  moiec 
caboidal  in  shape.  In  some  rocksy  however,  the  jointed  stractui 
a  tendency  to  produce  long  polygonal  prisms,  often  resembliii{ 
starch,  in  their  izregolar  and  wrinkled  sides.  This  prismatic  joint 
most  frequently  exhibited  in  igneous  rocks,  such  as  the  doleritic 
and  the  traps,  being  especially  characteristic  of  basalt,  but  coco 
sometimes  almost  as  perfectly  in  some  greenstones  and  felstonesL  1 
is  even  sometimes  an  approximation  to  it  in  granite,  for  the  poflril 
of  procuring  long  monoliths  is  the  result  of  a  more  or  less  prifl 
airangement  in  the  joints.* 

It  is  also  observable  id  sandstones  and  days  that  have  been  ) 
on  by  great  heat,  dther  natuially  or  artificially,  and  is  occsaa 
though  rarely,  observable  in  purely  aqueous  rocks,  especially  tho 
a  chemical  origin. 

I  obflenred,  in  the  year  1855,  a  good  example  of  prismatic  jomtiog  i 
gypsum  quarries  of  Chaumont,  near  Montmartre,  Paris.  Two  beds,  each  six  ^ 


*  The  eolnmiiar  stmetiire  is  ■omcthnea  perceptible  in  the  granite  of  CtKS^ 
*"*••  ^oUtA  QtdL  Soo.— Cornwall,  foL  iiL  ^  2M. 


r  the  tbiid  (St,  Um 

M  tho  pTDdnctloD 

Tngnlu  beugons  1"%  ^ 

^  M  (lunni  in  tba    Jofati  In  btdi  of  gnnnlu  gfpnun  (Chunnmit,  dow 

DAT  baaalt  ia  a  familiar  example  of  this  ptismatic  joinliiig. 
in  •ometimefl  in  thick  horiiontal  beds,  the  mlumiu  in  that 
Tertical,  aomeUmea  in  faighlf  inclined  oi  Tertical  dykea,  in 
i  the  columni  an  nearly  or  quite  horizontal  In  each  owe 
IS  are  at  right  anglea  to  the  Bnrfaces  of  the  maa«,  where  the 
on  would  neceswrily  commence,  and  appear  to  have  abmck 

0  the  interior.  It  is  often  otMerrable  that  in  dykee  the 
re  Beparated  in  the  middle,  and  do  not  fit  e&ch  other,  as  if 
*d  originated  at  the  side  of  the  dyke,  and  Btmck  towards  the 
ere  thejmetgbnt  didnot  coaleece,aainFig.  39.   In  some  oaM* 

01  an  mora  or  leea  unbroken  for  many  feet,  a  few  cross  joints 
ling  at  iir^olar  interrals.  This  ia  espedally  the  case  in 
Sdstonea. 

latod  Ooltunna  in  Basalt. — la  other  eases,  kawsTar,  ispadsllT  In 
TteMj  colnniiuT  bssdb^  the  colnnms  srs  trtionlsted,  «seh  jxiaa  btta^ 
ito  Tsitsbns,  irith  a  cnp  and  bsll  socket  occanoaallr  dsreliysd  on 
or  lower  subees.  The  origin  of  this  srtLealstedcqisndbsIlsttwtan 
wd  b;  the  obavntioiis  of  Mr.  Otegorr  Watt  U  s  luss  of  hasaU 
n  s  ttmttet,  sad  sUowal  to  cool  ^dn,  the  ti>llowiii(  resnltB  mqr  bs 
It  B  RmtU  part  bs  sllowed  to  oool  qnkklr,  s  kind  d  ds^^lks  glsM  la 
t  differing  k  vpsatanoe  from  ohsidisn.  U  It  vmI  In  Isrga'  mso  snd 
r.  It  islaiM  ts  s  stmir  stst»    Dnrii^  this  psoness  wisU  globwlsl  maks 
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n    <e:xt*r».i    r.-.tr^in-  '•'Hii*.   likf  rhmv  rf  bl  oeJiDiL     A*  extcniRl  « 

ccsnrelT  fonu«d, 
""■«..  ._.-   -    ~  " '_  ones  seem  ut e>ici] 

ap'pnr.  »  that 
"rr-  i.an:ber  of  lare 
mre  farmed,  eai 
.^  " "  in  ferenl  cocc 
As  these  balls  Ii 
tLfcir  exicnud  c 
W'Sch,  ami  tt 
cocpiess  each 
12  a  larer  of  e«p 
«-:b  haU  1-? 
exactly  six  oih 
4'M.  and  if  tl 
!E:ne<p;«il  toseth 
f .  rc«  actiiiff  in  e' 
eveTT  ball  trill 
:lio  a  K^ar  b 
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»:.'*•-•!  I* -iTslw  >ail*  w:th  c-^ofrLiric  iViatis  li  i#  i>.e  sAr.'.r  •*:<■: 
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sand  tlM  Huiia  tandn^ mij oAea  be.aen  In  IwHilt  and  othor  ignMin 

It  piOan  of  banlt  an  JuoaiDj  from  6  to  18  inchaa  in  diameter,  ^^ 
b  length  from  an  inch  or  two  to  100  or  160»  or  aometimea  (accOTding 
aeeoDodi),  to  400  fiset    Ooliimnar  greawtone  ia  oommonljr  on  a  kiger 

fta  pOlaii  being  aometimea  5  or  6  or  even  8  fsel  in  diameter,  and  the 
Mr  fonn  of  the  nxk  u  often  onJ^  to  be  pereeired  at  a  diatanoe.  Almoet  all 
rtone  eihibita  the  tendency  to  decompoee  into  roonded  apheroidal  blocka,  on 
hve  Iwve  jnat  aeen  the  colnmnar  etnicture  partly  to  depend.  Felatone  ia 
f^m  alao  beastifrilly  oolnmnar,  of  which  an  adndimlde  example  may  be  aeen 

MaD  paaa  to  the  eoathwaid  of  Lough  Gitane^  near  Killainey,t  where  the 
■a  are  SOO  feet  long.  Great  maaaee  of  oolomnar  felatone  are  idso  to  be  aeen 
I  ftaowdoo  and  other  phicee  in  North  Walea.4:  The  ayenite  of  Ailaa  Craig, 
I  Ffath  of  Glyde^  ahowa  large  rode  colnmiHi,  0  feet  aoroaa,  and  npwaida  oif 

^y^mn^Amm — ^In  many  caseSi  especially  among  igneous  Tocksy  the 
tti  of  jointB,  as  well  as  the  opposite  walls  of  ^  faultSy"  are  coated 
with  a  film  df  mineral  matter  (carbonate  of  lime,  epidote,  hmmatite, 
eihilMting  yery  distinct  parallel  strin.  These  striated  surfaces  are 
1  tUdtamdeM,  They  occor  more  abimdantly  in  districts  which  have 
much  affected  by  movements  of  distnrbance. 
Slnse  of  Joint  Stmotore. — ^In  seeking  for  a  cause  for  the  production 
ints  in  rocks,  the  most  obvious  one  that  occurs  to  us  is  the  con- 
on  of  the  rock  during  its  consolidation.  Mud  or  clay  cracks  in 
ig,  molten  rock  shrinks  and  cracks  in  cooling.  One  of  the  chief 
olties  experienced  in  large  castings  either  of  molten  metal  or  in 
sr  casts  is  to  guard  against  the  formation  of  cracks,  and  this  diffi- 
increaaes  with  the  bulk  of  the  materiaL  It  has  been  several  times 
ipted  to  turn  to  account  the  ^  slags  **  derived  from  iron  furnaces  by 
ing  them  to  run  into  moulds.  An  attempt  was  once  made  in 
L  Staffordshire  to  run  them  into  moulds  of  the  size  of  large  building- 
R,  and  I  have  seen  a  lai^  wall  made  of  these  molten  blocks.  The 
pt,  however,  was  abandoned,  because  after  a  short  time  the  blocks 
bled  into  small  cuboidal  fragments,  in  consequence  of  the  numerous 
te  concealed  ''joints"  that  traversed  them, 
a  examining  the  newly  formed  beds  of  stone  in  the  small  islands 
coral  reefs,  I  always  found  them  divided  by  joints  like  other  rocks, 
xmsolidation  of  this  stone  was  obviously  due  to  the  action  of  rain- 
'  dissolving  part  of  the  carbonate  of  lime  and  redepositing  it  as  a 
it,  so  as  to  bind  together  the  previously  incoherent  coral  aand  ;  for 
tone  generaUy  rested  on,  and  was  surrounded  by,  coral  sand  still 

or  fflnatrntiooa  of  the  oohmmar  itraetme  lee  the  Chapter  on  the  Tnp-Boeka  tiewed 


M  pspen  by  Mmm.  Da  Nojrer  and  Foot,  Jour.  Gaol.  8oe,  DMU^,  18M :  and  Baplana- 
SBbeet  184  of  the  ICape  of  QeoL  Sanr.  Ireland. 

Be  Vtctimmx  BanuMT'a  Memoir  on  North  Walea,  Mm.  (koL  Swrv.,  toL  ilL  p.  US. 
■eMaacanocya  Wmlgmldu,  toL  ii.  p.  4flS.    Bp$tmqfCMogif,iLV*lVl. 
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s^u  i    .'it    i:s.K^  rifiliac^i  tf  ui  uzi:i.e  n  S'*  or  10'' ;  that  isto 

::n  ^iust*'  u::^'^  •»  ::<?  t^lvpu  'I  ^  ■:Hdteii  or  bunk  of  a&ndixivla 

^•M«»i.      '7>«r   uiu  :c  uJ  ippwiranr^  *>:«:xi  joiXAiIiilASed  in  this] 

■^;:    •:    trti^-i-.    iirxul^i  .in':?*  >n;r  -jisu:'-*  ^.^metzimes  of  200  yai 

I     vj;v.f    -n'ri;'.::;:^   kl.  rrx    i^v  .CTYUClf:^  lllleiir  •iX^ell^on  of  the HtU 

'.!.•:%"•..   -i:«A    ::c    triirr  Hrf    iir*^tiy  icp.:*  the  fonner.  and  in 
urriivri  :>   ti.;   wjjiii^itf  a  •!  :iie  sos^   •iip-ji.in:s'.     It  setimi 
*rii    '.    ••uki^".:*    i::v    'aitt  'Ti-^iii  fi.T  :h'*  ;"inD?  in  thew  cases 
M.f:-.'i    t    «:r.mv.H'.a   :jva    iie  .*  us.  lidaciun  .t*  iluc  p:>rtion  oi 
>«iii'.  Ji    *n»    ttivrrtv«i    T*iZl  \-jiav  sia»L  ixicu  Tclid  5t«.-ne. 

l    !••.'*   p.L  "»\    u:^'  'u%.sJXU^  !t»Ut'W  tiiac  ill  liie  '"iriats  in  an 
•^",iv  •«•    11  i     »     !,r?ii»ii    a    'r.«L*:.      Tbe    ?-ILS«. li'LlTloQ  of  the 
'  akv    •j.i^.'    •*•  i» ;  \    Lit. i  ^rnuiiuil^.  ini L  -ucvt;*«i~*?  •»«?«  of  joint?  In 
IT   I  ^\    .vt- •■V!".    ::!:■'.   i'.ir'i::^  'iiat  ''r-.  v«w      A  r»;ck  mi-rvK-ver 
*  t!!f    .r.--<i. ■:•.!::     r:-*-    .    il'T>:  .■  USi.i:'I;i:i.-:.  u:«i  Jl  frt»h  Jet  v-f 
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w  ■'A.-r  tiisi  7..'w  ^-  iijti::;:!  :v:  ..'acj.  vomculAr  -.'aai*:  :!:■?  n:iiiiT 
Ap^tftrens  Abwncie  of  Jcinta  ac  stvas  depciis. — I:  :s     :':> 

r.f  r.-.k.*  f.uirrt  dwiy  xrA  ..iyaijvars  ii  tie  -Irrj-^r  jvin^  ^^^f 
T>»i«,  hr»wtT-r.  ia  rpj'cttciv  a  case  of  :he  mle  -  Je  noa  avixi; 
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Don  eziBtentibos  eadem  est  ratia"  All  the  joints  near  the  surface  are 
more  or  leas  acted  on  by  the  weather.  The  deeper  seated  rocks  may 
be  just  as  mnch  traversed  by  joints,  but  they  are  merely  mathematical 
pUnes  of  diyision,  the  facea  of  the  blocks  adhering  as  closely  as  if  they 
did  not  exist  till  the  weather  makes  them  apparent,  or  some  force  tears 
the  blocks  asunder. 

BurfBoe  Sxhibition  of  Joints. — ^In  some  places  the  jointed  stmctore 
of  rocks  is  sufficiently  striking  to  attract  the  notice  even  of  ungeological 
oVaerrera.  In  Van  Diemen's  Land,  at  a  place  called  Eagle  Hawk  Neck, 
the  rock,  of  which  a  large  surface  is  exposed  at  low  water,  is  so  regu- 
larly cut  by  joints  into  equal  cubes,  of  about  one  foot  in  the  side,  that 
it  has  become  a  local  celebrity,  under  the  name  of  the  *^  tessellated  pave- 
ment" The  study  of  joints  and  the  other  divisional  planes  of  rocks, 
ind  the  different  forms  assumed  by  them  in  consequence,  both  when 
faeshly  exposed  and  when  modified  by  "  weathering,"  is  as  necessary  for 
the  landscape-painter  who  wishes  to  reproduce  nature,  as  is  the  study  of 
tnatomy  to  the  figure^painter.  Mr.  Ruskin  has  handled  this  subject  in 
hii  usual  masterly  style.* 

Hstnral  Erosion  of  Books  in  oonsequenoe  of  Joints. — The  jointed  stmo- 
tBie  of  rocks  facilitates  their  removal  by  natural  causes,  as  it  does  their  artificial 
extraction  by  the  quarryman.  In  difis  a  slight  undermiuiug  action,  if  it  happen 
to  cut  back  to  a  strong  vertical  or  highly  inclined  joint,  running  parallel  to  the 
ibore,  causes  the  ruin  of  vast  masses  of  rock.  Not  unfroquently,  too,  a  long  strip 
of  rock  lying  between  two  well-maTke<l  joints,  closer  than  usual  together,  and  nul- 
ling into  the  land  at  right  angles  to  the  coast,  has  been  entirely  cut  out,  giving 
access  to  the  eroding  action  of  the  breakers  deep  in  among  the  rocks  on  each  side 
of  it. 

A  rock,  even  though  very  hard,  such  as  quartz-rock  or  crystalline  limestone, 
viD  be  much  more  easily  carried  away  by  breakers  or  other  moving  water,  if  it  be 
cot  up  by  many  joints  into  blocks  of  a  convenient  size  and  shape,  than  much  more 
pelding  rock,  if  it  be  massive,  and  either  uqjointed,  or  the  joints  be  few  and  far 
between,  and  the  sides  of  the  blocks  very  close  together,  so  as  not  to  admit  easily 
Gf  the  access  of  either  air  or  water,  f 

♦  See  Jfodem  Painters,  vol.  iv.,  etc 
t  See  the  description  of  sea  action  in  the  section  on  Oeological  Agencies. 


CHAPTER   VIII. 

\ 

INCLINATION    OF   BEDS.  [ 

The  Dip  and  Strike  of  Beds. — The   inclination   of    beds   downvaidi   p 
into  the  earth  is  technically  called  their  "  dip."     It  is  measured  by  the   f. 
angle  between  the  plane  of  the  beds  and  the  plane  of  the  horizon.    Ia'  - 
the  map,  Fig.  41,  the  beds  dip  S.SJS.  at  an  angle  increasing  from  85^ 
to  50°.     When  we  speak  of  the  opposite  of  "dip,"  we  use  the  tent 
"  rise."  For  instance,  the  beds  in  the  figure  dip  to  the  south,  and  rise  to  the 
north.     The  place  where  each  bed  rises  out  to  the  surface  of  the  gromid 
is  called  its  "  outcrop  "  or  "  basset."     We  say  that  such  and  sudi  bedi 
"  crop  out "  to  the  surface,  and  we  speak  of  the  "  basset  "  edges  of  the 
beds.     Miners  use  these  and  other  terms,  such  as  "  coming  out  to  the  * 
day,"  "  rising  up  to  the  grass,"  when  speaking  of  the  "  outcrop  "  of  any 
bed  or  beds.     The  line  at  right  angles  to  the  dip— that  is,  the  line  of 
outcrop  of  a  bed  along  a  level  surface — ^is  called  its  "  strike,"  a  tem 
introduced  from  the  German  by  Professor  Sedgwick.     It  is  described 
by  its  line  of  compass  bearing,  either  true  or  magnetic*     Coal-minen 
commonly  speak  of  this  as  the  "  level  bearing  "  of  a  bed,  seeing  that  if 
you  draw  a  line  or  drive  a  gallery  along  a  bed  exactly  at  right  angles 
to  its  line  of  dip  or  inclination,  it  must  of  necessity  be  on  a  true  levd 
or  have  no  inclination  either  way.     It  must  be  recollected  that  the 
strike  of  a  bed  will  coincide  with  its  outcrop  only  when  the  surface  of 
the  ground  is  horizontaL     If  the  surface  be  highly  inclined,  the  out- 
crop of  the  bed  will  depart  from  the  true  strike  in  proportion  to  the 
inclination  of  the  surface,  imtil  it  coincide  with  the  dip  when  the  sur- 
face becomes  perpendicular. 

If,  then,  a  bed  "  dips"  due  north  or  due  south,  its  "strike"  will  he 
due  east  and  west.  If  we  know  the  direction  of  the  "  dip  "  of  a  bed, 
accordingly,  we  also  know  the  exact  bearing  of  its  "  strike  ;"  but  if  we 
only  know  the  strike,  we  do  not  necessarily  learn  either  the  direction 
or  amount  of  its  "  dip,"  because  it  may  incline  to  either  side  of  the  line 
of  strike,  and  to  any  amount  from  the  horizontal  plane.  In  making 
observations,  then,  in  field  geology,  it  is  most  important  to  observe 

*  Geologists  generally  use  true  compass  bearings,  a  practice  that  ought  to  be  adopted 
oniTersally  in  all  land  operations. 
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tel;  tbe  dinction  of  the  dip  of  «I1  itnitifled  rocks.    It  Is  also 
tant  to  know  its  UDoimt ;  bat  this  need  not  be  observed  with 


Fig.  41.    OmIo^oiI  Hw- 

miiinte  lecniacy,  eicept  in  spedta  casea,  dnce  it  Is  apt  to  vary 
jpTially  to  the  amount  of  3°  or  4°. 


piece  of  gronitd  n«>r  tbe  ihon^ 


Iw  dnwn  on  &  wale  o 

100  fwdi  (or  SOO  feet)  to  th 
In  the  mftp^  Fig.  11,  let  A 
rocky  beach,  exposed  at  low 
B  B  a  Uiie  of  diff  about  IOC 
height  i  and  C  C  the  snifa 
coBDtiy  abore  the  clifi^  with  t 
exposed  is  serenl  placee,  ei 
the  ramioita  of  eminences 
bottoms  of  qnaniea.  The 
will  point  out  the  dinction 
dip  the  figures  showing  its  ■ 
Hiis  aiDonnt  incresses  from 
the  north  to  60*  on  the  soi 
we  nuy  assume  this  increas 
qoile  gradual,  or  that  the  I 
parts  of  CDTTea,  and  not  of  p 
straight  planes.  Then  let  H 
line  of  section,  or  snppoaed 
at  nght  angles  to  the  etril 
beds,  and  let  this  sectioti 
be  drawn  so  as  to  give  the 
line  of  the  ground  ncrofis 
passes,  and  represent  the  bee 
true  position  they  would  be 
occupy  were  audi  a  cutting 
really  formed.  Being  dr 
nght  angles  to  the  atrtlce,  it 
course  along  the  line  of  the  c 
at  the  dip,  and  its  bearing, 
drawn,  is  about  28*  west  ( 
and  east  of  south.  The  latt< 
is  the  direction  of  the  di] 
bearing  of  the  strike  will 
quautly  be  2S°  north  of  eu 
look  in  one  direction,  36°  t 
west  if  wa  look  in  tbe  other. 
a  locslity  as  this,  if  we  mar 
the  boundaries  of  the  beds  c 
on  OUT  map,  we  should  feel 
the  correctneaa  not  only  of  I 
but  of  Che  section,  and  we 
know  the  position  of  tbe  1 
only  above  the  level  of  the 
for  a  considerable  distance  1: 
pj_  ^^  If,  for  instance,  at  the  poi 

,.«« ""."...«.." » . » "»  ^s^s'S-SSt;, 

map,  ng.  *i.  ^^  ^^  ^^^^  ^^  constructing 

tlon,  that  the  depth  of  b  under  d  would  be,  according  to  the  scale,  rath 
Uian  iSS  feet 

It  would  be  easy  for  ni  also  to  ascertain  the  total  actual  thidmeu  of  tJ 
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Ml  flf  tedf  duffm  OB  fha  aq^  «ittMr  tgr  Mtaal  aBMmoMBt  of  Mek  bad  «]oi« 
""-^ihoTC^  or  lij  ecantnietiBg  a  lectkn  foimded  m  the  obMrvBlion  of  their  mgle 
d^  nd  the  vidth  oC  their  ovtonp.    Tlie  e^ual  tMekneei  of  the  beds  cut  by 
»-lefet  Hue  in  the  Metkni  Fig.  4S;  for  fnitaooe^  woold  be  a  littie  over  850 
Tbet  le  to  mj^  thoee  bedi^  if  they  mre  horiioiitel,  would  be  850  feet  ftx>m 
ito  bottom ;  if  they  we  Wtioal,  it  iroold  be  850  feet  direetlj  ecnws  them  ; 
1b  their  |iieeeut  indUned  poeitioii  a  horimital  line  aorooi  their  oatciop 

iwisoofiMt* 

]f  «•  pneeaded  to  traee  thoee  bedi  Into  the  ooimtry  along  IheSr  BtHke,  how- 
~  the  diieotlon  of  the  itrike  or  the  on^  of  the  dip  id|^t  yaiy,  or  how- 


EjlMr  ifeiif  b||^  be  oonoeeled  by  fpnmf  eoQy  or  anperflciel  oovering^  we  should 
l^ipnM  hm*  to  vMoOeet  that  thm  WM  a  thieknese  of  850  £Bet  of  beds  to  be  fora^ 
I'JitMkwad  Ibr  aoinawhara;  and  if  we  oame  to  a  qoany  or  a  cntting  where  the  bed 

raa  shown,  and  we  were  able  certainly  to  identiQr  it>  we  should 

to  ind  an  the  other  beds  abore  and  below  it  that  we  had  firand  above 

It  where  they  ware  deariy  ezUfaitsd.    We  shonU  UA  sore  we  were 

_         41^  If  in  the  expected  spota»  at  the  reqnisito  distance  on  either  side  of 

fl(^«B  iBBBd  one  or  niore  of  the  beds  a»  S^  or  €^  shown  In  other  qvairiea^  or  onttings, 

'#«iM  In  «he  B8i|^iboaihood.t    It  ia  in  this  way,  >y  getting  a  knoidedge  of  the 

■ettoB  of  a  aeriea  or  groop  of  beda  where  they  are  well  exhibited,  and  foUow- 

MR  aenaa  a  eoantiy,  piling  out  one  of  them  here^  and  another  of  them 

r^.  ^         In  dUdMi^  brodka,  rit«r  baua,  cUlb  or  ravines,  weDs,  minea^  road  or  rail- 

^  ^^  tiWiimi,  and  qnaniea,  that  geoiogieal  mape  are  oonatraeted,  ahowing  the 

of  the  aeveral  gnmpe  of  rock,  their  range  or  strike  acroas  a  country, 

the  ana  of  snrfiwe  occupied  by  the  ontcrops  of  ti^eir  various  members. 


*•■ 


i. — ^Where  the  dip  and  strike  of  the  rocks  are  very 
llndyp  or  wliere  they  run  in  nearly  straight  lines  across  a  country,  and 
edgea  aie  not  too  mnch  concealed  by  superficial  covering,  the  task 
moitioned  is  one  of  no  great  difficulty.  In  many  instances,  however, 
the  dip  nor  the  strike  of  a  set  of  beds  remains  constant  over 
oonaiderable  spaces!    The  beds  are  bent  and  twisted  about,  so  that, 
of  running  in  straight  lines,  the  basset  edges,  or  outcrops  of  any 
of  beds,  follow  crooked  and  curved  lines,  often  doubling  back  and 
altogether  out  of  their  former  course.     Moreover,  after  dipping 
in  a  certain  direction  for  some  distance,  such  beds  are  frequently 
up  again,  and  rise  to  the  surface  at  some  other  locality,  forming 
or  trou^is ;  or,  again,  after  cropping  out  to  the  surface,  the  beds 
them  are  bent  over  in  a  ridge-like  form,  so  that  the  first 
eome  in  and  take  the  groimd  again,  dipping  in  an  opposite  direc- 
Tliene  are  often  called  ^  saddles."     Such  bendings  of  the  beds 
cm  every  possible  scale,  from  mere  little  local  crumplings  on  the 
of  a  bank,  to  curves  of  which  the  radii  are  milesi  and  the  nuclei 


*  In  the  Appendix  will  be  foimd  %  tabid  which  will  give  for  dilferent  sofl^es  of  dip  either 

ftsdspth  of  taf  pertlealar  bed  at  any  given  distance  txom  its  outcrop,  or  the  thickness  of 

%Wi9tp  ef  beds  vbeii  the  width  of  their  outcrop  is  measured  at  right  angles  to  their  strike. 

f  IndfaiffBaB,  Fig.  41,  the  supposed  quarries  or  exposures  of  rock  In  the  Interior  of  the 

aietfaicklj grouped  together;  but  if  the  reader wiU  Imagine  them  aeparated  by 

iBlervala,  and  scattered  over  a  Dtf  larger  spaoe,  Itf  wUl  have  a  truer  notion  of 

ianatoie. 


are  momitaiii  duini.    When  on  the  anull  scale  ibej  are  oommonlf 
called  "  coDtortums,"  as  in  Fig.  43. 


Beds  of  the  hardest  stone,  auch  m  compact  ot  crj^stalline  limegtoDe, 
and  hard  eiliceous  gritstone,  are  in  some  cases  bent  into  curves  of  the 
most  wonderful  regularity,  so  as  to  look  like  artificial  masoniy,  or  a 
series  of  arches  and  troughs  built  for  some  inexplicable  purpose.  More 
usually,  however,  there  is  a  good  deal  of  irregularity  in  the  curves,  and 
this  is  especiallj  the  caae  when  the  beds  acted  on  consist  of  alt«matiaDj 
of  different  texture  and  composition. 


Skstuh  or  contartiouj 


The  sketch,  Fig.  44,  represents  part  of  a  series  of  contortioDS  ii 
Caiboniferoua  limestone  of  the  County  Dublin,  as  they  may  be  see 
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i  ahore  of  Longbabiimj,  between  Riuh  and  Skerries.  In  this 
^dity  thej  may  be  studied  not  onlj  in  section  in  the  difb,  but  in 
m  on  the  shore  at  low  water,  and  some  of  them  may  be  observed 
rtlv  in  section  and  partly  in  plan,  which  makes  the  locality  an 
ceedingly  interesting  one. 

The  ''  saddles  "  and  "  troughs  "  often  form  long  ovals^  and  look  like 
&ts  of  boats,  one  inside  the  other,  some  upright,  but  broken  and  cut 
>wn  atop,  others  bottom  upwards,  and  broken  into  from  the  outside, 
»  as  to  fdiow  parts  of  those  within.  These  forms  succeed  and  replace 
ich  other  in  all  directions,  and  where  the  one  passes  into  the  other, 
le  crumpling  has  been  sometimes  so  great,  and  the  squeezing  so  severe, 
iat  it  is  impossible  to  trace  any  bed,  or  even  any  two  or  three  beds 
irough  the  contortion. 

It  will  be  seen  that  in  some  parts  of  the  sketch  (Fig.  43)  the  dark 
bale-beds  are  wider  than  at  others,  the  soft  shales  having  been 
4iieezed  out  from  between  the  limestones  at  one  place,  so  as  to  form 
jKXiketd  ^  at  another.  This  sometimes  happens,  on  a  still  larger  scale, 
rith  the  softer  and  more  squeezable  parts  of  violently  contorted  beds. 
n  the  collieries  near  Kanturk,  County  Cork,  the  culm  and  anthracite 
•eds  there,  which  were  originally  perhaps  2  or  3  feet  thick,  expand  in 
ome  places  to  a  width  of  20  or  30  feet,  while  at  others  they  dwindle 
own  to  a  single  inch.  The  same  thing  seems  to  occur  with  the  seam 
f  anthracite  in  the  Lower  Silurian  beds  near  Upper  Church,  County 
jpi^raiy,  and  at  Kilnaleck,  in  the  County  of  Cavan.* 

Verj-  curious  and  almost  inexplicable  contortions  may  be  seen  occa- 
ionally,  but  we  must  recoUect  that  the  conditions  under  which  they 
rert  produced  were  such  as  it  is  not  often  possible  for  us  to  imitate, 
Mr  easy  even  to  imagine.  When  the  rocks  were  thus  contorted,  they 
r«ere  Imried  under  vast  thicknesses,  often  many  thousands  of  feet,  of 
•thtir  rock  ;  the  rocks  above  and  below  them  were  also  of  unequal 
itiLsities,  and  offering  unequal  resistances  to  force  ;  the  forces  of  dis- 
ur>jance,  therefore,  even  if  uniform  in  their  origin,  would  become  com- 
li'^ted  in  direction,  and  unequal  in  intensity,  by  reason  of  these 
UH|ualities  in  the  structure  and  position  of  the  rocks,  and  inequalities 
Q  the  pressure  of  the  superincimibent  masses. 

Bepetitions  of  disturbing  Aotion. — Another  source  of  confusion  is 
he  repetition  of  a  disturbing  action  upon  rocks  already  disturbed,  the 
uW[uent  forces  acting  perhaps  in  directions  different  from  the  early 
'Drs.  In  Ireland  it  can  be  shown  that  the  Cambrian  rocks  were  greatly 
Imurbed  and  contorted  before  the  deposition  of  the  Lower  Silurian,  that 
Aie  Lrjwer  Silurian  formation  had  in  like  manner  suffered  before  the 
%JOsition  of  the  Carboniferous,  and  that  the  Carboniferous  had  itself 

•  Se«  Explanation  of  8he«t8 145, 163,  and  175,  GeoL  Surv.  Ireland ;  description  by  Messn. 
Q.  H.  ig<«*hftn  and  A.  B.  Wynne. 


192 


GIOOKOST. 


been  greatly  difltarbed  and  often  highly  contorted.  It  is  reaaonaUe 
therefore  to  expect,  what  is  found  to  be  the  hcX,  that  the  beds  of  the 
Cambrian  rocks  are  in  some  places  twisted  into  a  confusion  of  curves  and 
knots,  which  it  is  now  a  quite  hopeless  task  to  endeayour  to  unraveL 

Anticlinal  and  Synclinal  Ovav^s.* — ^When  the  curves  of  the  rocks 
are  of  greater  extent,  we  cease  to  speak  of  them  as  mere  ^  contortions." 
If  the  curves  have  long-extended  axes-— that  is  to  say,  if  the  beds  are 
bent  up  into  ridges,  or  down  into  troughs,  which  continue  for  consider^ 
able  lengths,  in  proportion  to  their  widths — ^we  speak  of  them  as 
**  anticlinal  **  and  ^  synclinal  **  curves.  If,  on  the  contrary,  no  diameter 
of  the  curved  area  be  much  longer  than  another,  we  call  them  either 
dome-shaped  elevations,  or  basin-shaped  depressions,  as  the  case  may  he. 

In  the  section  (Fig.  45),  A  is  an  anticlinal,  and  B  is  a  syndinal 
curve,  the  beds  numbered  6,  7,  8,  being  repeated  on  each  side  of  botL 
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Tig.  45. 

At  A,  the  lower  beds,  1,  2,  3,  4,  5,  are  seen  rising  out  from  undemeatli 
them  in  the  form  of  an  arch.     At  B,  the  upper  beds,  9  to  1 3,  repoae 
upon  them  in  the  form  of  a  trough.     It  matters  not  whether  we  sup- 
pose the  spaces,  1,  2,  3,  etc,  to  represent  single  beds,  and  the  hill  at  A 
a  slight  elevation,  or  whether  they  be  taken  as  groups  of  beds,  and  A 
be  supposed  to  be  a  mountain  chain.     The  imaginary  line  which  runs 
from  the  eye  of  the  spectator  through  A  and  B,  and  about  which  the 
beds  may  be  supposed  to  be  bent,  is  called  the  "  axis  '*  of  the  curve  in 
each  case.     This  axis  may  be  either  horizontal  or  inclined  ;  if  horizon- 
tal, the  section  across  it  will  cut  the  same  beds  wherever  it  be  taken, 
the  variations  in  its  outline  being  only  those  in  the  outline  of  the 
ground.     If,  however,  the  axis  be  inclined,  different  sections  will  cut 
different  beds,  even  should  the  outline  of  the  ground  remain  the  same. 

*  The  Bngliflh  words  "  fiaddle  and  trongh  "  might  be  nsed  for  these  terms,  were  It  not 
that  these  words  are  often  used  by  miners  with  other  meanings.  Near  Llanelly,  tn  South 
Wales,  for  instance,  I  found  that  they  spoke  of  a  synclinal  curre  not  as  a  "  troog)!,'*  but  as 
a  "  saddle,"  meaning,  I  suppose,  a  saddle  upside  down.  Moreover,  "  saddle  and  troo^" 
are  often  used  as  denoting  external  forms  of  ground  with  which  the  internal  structure  is 
often  in  direct  opposition,  a  saddle-formed  hiU  often  rising  over  a  geological  trough,  or  a 
trough-like  valley  running  along  the  axis  of  an  anticlinal  or  saddle-like  carve  in  the  beds. 


CCHTTOBnOira. 


B  is  ehowiL  in  Pig.  40,  which  is  b  rappoaed  pUn  of  the  grotmd  ot 
ch  Tig.  45  is  a  Mction.    In  thii  the  azM,  A  A'  and  B  £■,  ore  Bup- 


Flg.«, 


>^  to  incline  downwnrds  to  the  north,  or  from  the  line  of  section 
D.  to  the  other  end  of  the  map,  as  shown  by  the  arrows,  and  it  is 
mom  that  the  bed  4,  which  forms  the  apex  of  the  ridge  in  the 
xuon,  will  slope  downwards  along  the  inclined  aiie,  and  if  the  ridge 
:  the  hill  lie  kept  up  to  the  aame  height,  the  beds  S,  8,  7,  B  will 
ece^'arily  arch  over  it.  In  the  same  way,  if  the  synclinal  axis  B  B' 
/■pe  in  the  same  direction,  there  must  either  he  a  cortesponding  slope 
nd  hollow  in  the  surface  of  the  ground,  or  fresh  beds,  14,  10,  16, 
'ju,  must  come  in,  resting  in  the  hollow  of  13.     So  that,  if  we  make 


ShUod  slang  a  1 
>wha  tectioD,  as  in  Fig.  47,  along  a  line  between  O  H  for  instance, 
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in  Fig.  47,  the  ridge  of  the  antidiikil  A  A^  wSx  le  iiaata  U  tk  Ul 
7  instead  of  4,  all  the  beds  belov  7  haring  siieoeszrciT  ssxik  \*aA\ 
the  Borface,  and  the  bed  16  will  form  the  hc-Ik'W  c^  the  sjiiidsiIBffU 
the  bed  13  being  now  at  a  considezaUe  dcpeh  beluv  it,  aod  CT(}^a|| 
out  at  some  dirtauce  on  either  dde.* 

Large  anticlinal  and  ernclinal  cnrree  have  c<liein  mms  wMnittt 
on  their  flankB,  as  suggested  in  Fig.  45,  where  the  letters  a  aad  b  ^ 


Pig.  4S. 

Bket4:h  •ection,  to  tliov  m^or  and  mioor  folds  in  rockiL 


th<;  main  anticlinal  and  Rvnclinal,  with  smaller  ones  on  each  ; 
HiifHti  minor  undulations  may  be  likened  to  ripjiles  or  le:?5^r  w 
ri<linj^  on  the  back  of  the  larper  swell  of  the  ocean.  They 
e-jM'cially  remarkable  in  some  of  the  large  anticlinak  in  the  tt:»uth- 
of  Ireland. 

It  will  be  readily  understood  that  such  complication  of  fom 
thew;  necessitate  great  labour  in  making  an  accurate  geological  mr 
ft  country,  more  especially  where  the  ground  ia  itself  lofty  and  brn: 
and  oftifu  difficult  to  traverse,  while  the  subterranean  complicatic 
oft<!n  only  partially  revealed  by  occasional  exposures  here  and  thei 
the  Hurfacc. 

The  ax(;H,  or  imaginary  central  lines  of  anticlinal  and  pjtic 
curves,  are  sometimes  long  and  steady,  and  the  curves  themselvi 
tourHC,  e(|ually  ho  ;  sometimes  the  axes  are  short  and  interrupttnl ^ 
th(i  anticlinals  and  synclinals  shrink  into  short  oval  ridges  and  troi 
like  those  mentioned  at  p.  190,  and  these  again  pass  into  sti 
dome-shajMjd  elevations  and  basin-shaped  depressions,  when  the 
become  mere  points  or  centres,  from  or  towards  which  the  btids 

•  In  tho  cantphrasen  that  have  got  into  use  in  the  Geological  Sarvcy,  thebe*! 
ilmn  Hiuk  un«I«jr  tlie  others  along  the  crest  of  an  anticlinal  are  said  tx)  "  nose  in  ** 
ilii'in,  Mnd  ilio  bedM  that  thuii  terminate  across  the  trough  of  a  synclinal  are  said  to 
out "  «v«r  them.  Attention  to  the  inclination  of  the  axes  of  these  curves  is  not  only 
«nry  in  gfologlral  surveying,  but  is  of  the  greatest  practical  importance  in  bed-mini 
W'lH  iriyitulf  cognisant  a  few  years  ago  of  an  abortive  sinking  for  coal  in  the  South 
•'"aintthi,  where  something  like  £30,000  was  wasted,  mainly  from  want  of  attention  i 
clriMiiimtanfin,  tho  coal  that  was  being  sought  having  cropped  ont  acn>s8  the  axis 
w  ^noUnal  a  uUe  or  more  before  reaching  the  spot  where  the  shaft  waa  being  sunk  for 
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led  a  qud^qud^venal  dip  or  infilitiatioit  on  all  sidee.  Some^ 
the  axiB  of  a  cmre  imdulates  along  its  eztenaiony  so  thai 
r  beds  hare  been  bioiight  in  over  it,  the  lower  ones  may 
ake  their  apfpearance  again  m  the  same  general  strike,  or 
ind  Bometiines  even  the  corves  themselves  are  irr^ular,  so 
iclinal  presses  into  a  synclinal  along  the  same  Hne  of  strike, 

is  of  an  anticlinal  or  synclinal  curve  necessarily  runs  in  the 
r  the  general  strike  of  the  beds  ;  bnt  instances  are  not  nn- 
minor  curves,  the  axes  of  which  run  obliquely  to  the  general 
ven  in  the  direction  of  the  dip  of  a  mass  of  beds.  It  is, 
bvious  that  these  can  only  be  of  subordinate  importance,  or 
.  themselves  produce  a  general  new  dip  and  new  strike  in 
ey  traverse. 

lAl  Carves. — ^This  term,  first  used,  so  far  as  I  am  aware,  by 
I,  in  his  Geology  of  South  America,  may  be  useful  sometimes 
3  a  single  fold  in  rocks,  without  any  answering  counterfold 
ction. 

Isle  of  Wight,  for  instance,  the  beds  are  horizontal  at  the 
id  of  the  island,  suddenly  dip  in  the  middle  of  it  at  a  high 
e  north,  and  then  rather  quickly  recover  their  horizontality 
iem  end  of  the  island.  This  uniclinal  curve  causes  the  beds 
the  hills  in  the  south  to  be  deep  below  those  forming  the 
in  the  north  of  the  island. 

igniflcent  examples  of  tmicUzial  carves  may  be  seen  along  the  cliffs 
lead.  County  Oare.  The  beds  there  are  hard  grits  and  indurated 
belonging  to  the  Coal-measures.    In  many  places  they  are  horizontal, 

while  in  others  they  are  variously  curved,  the  anticlinals  sometimes 
e  sea  below,  so  as  to  form  natural  arches  and  bridges,  one  example  of 
I  known  as  the  Bridges  of  Ross.  In  two  or  three  instances,  however, 
ds  are  suddenly  bent  for  a  short  space  by  uniclinal  curves  into  the 
ion,  and  then  immediately  bent  back  again  into  the  horizontaL     The 

curves  strike  nearly  with  the  coast,  so  that  great  areas  of  the  surface 
sometimes  shown  in  the  cliffs.  One  of  these  is  one  or  two  hundred 
id  two  hundred  feet  in  height,  and  Mr.  Henry  Keane,  on  whose  pro- 
as had  one  of  the  projecting  crags  near  it  walled  round,  so  that  it 
ed  in  safety.  As  the  smooth  nearly  vertical  surface  of  the  bed  un- 
tly,  it  might  be  taken  for  the  side  of  some  mighty  ship  rising  out  of 
aif  below. 

on  of  Beds. — These  flexures  are  in  some  instances  carried 
both  on  the  large  and  small  scale,  as  to  produce  actual  in- 
i  Fig.  49)  of  the  beds,  so  that  the  lower  surfaces  appear  in 
» to  be  the  upper  ones. 

iversion  may,  in  some  cases,  among  highly  contorted  beds, 
seen  in  the  difb,  as  in  some  parts  of  the  Alps,  where  the 


pBiitiM  tt  nj  Mt  «f  bed^  n  mj  pntieakr  loeditf,  b  the  mTs 
ttitaiifarwbkk  to  1m  otMcrad  gc^nQr,  ad  when  tbc bcdi 


b  fBta  rf  ^  1^  bvKricB  taksi  jlaee  OB  B  TOT  InV  ■o'^  •<>  t^ 
dlitriGb  hm  bir  liadi  qjtiHad  iDd  bat  iMck  in  neh  &  ny  that  tbe  1dw« 
lat  anHMatlr  »«■  ttuM  rtkk  mn  <ai^Ballr  iafaatbtd  npon  Uum,  i 
kmrif^pMn  to  ba  tk  U^v  lait  ot  tb*  MciMi 

Ab  MnDst  (M«  cf  iBTsdin,  Uka  that  iqgMtod  in  tlK  Ictl-huul  put 
Ifon  alxiTa,  wnf  be  aeoa  ia  a  laifa  qnany  ia  tbs  carbcnutRoiu  lim 
at  a  ptaet  aaHad  'TaDow  Fani^"  in  tfaa  OdaitT  Meatli,  a  few  milM  •: 
SUb*. 

n*  fangnicB  of  bedi  ii  otca^aaJij  olavrad  In  eoaJ-mmmg,  as  in  B 
Htd  tba  BotlMNat  of  Ireland,  -what  Ma  of  cod  an  xniietiinec  fonnd  vi 
"  noal  aaat "  apptnaaat,  and  the  "  eoat-rocf  "  gndenanat.  In  a  diiturbed 
tkt  Soott  StaffnnUiiM  eaaUdd,  the  uant  bed  of  ooal  va*  paand  tbnHi«t 
tItMa  in  the  nina  nrtiea]  abaft,  Bnt  in  ita  li^t  poaition,  then  inverted,  u 

yin  il^t  tide  auueimuat  It  KOtt  toeaidingl;  luTe  Iiaen  bent  into  thi 
the  letter  a  or  Z.  We  ihaD  aae  piwidlj  that  no  men  «  boll "  ca 
Mng  part  of  tbe  aane  bed  twin  into  a  rertleal  abaft 

AMoriUn  WcOa. — AltUdd  wtHa  known  aa  Aitaeian,  bwn  thrir  IM 
nnd  in  tlie  pnrlnoa  of  Axtabt,  •»  eank  in  tboae  diatiicta  wlwte  the  rock 
been  bent  tnta  a  baatn-ahqad  cnrviL  If  a  aeriee  tt  beda,  lome  of  wlu 
pceow^  etthM  In  twaeqa—ca  <f  their  open  giain,  or  the  jotnte  which  t 
thaa,  while  othan  en  imparriaiu  to  water,  be  bent  into  the  form  of  a  laii 
a  qnMna-Tanal  dip  toward!  a  oentnl  pait,  and  the  porcnu  bedi  rise  into 
gnmn  than  that  oostnl  pait,  then  the  nln  that  bile  on  UmIt  c 
win  partly  aink  down  along  them  beotath  the  impervioiu  corerii^ 
baaln-ehaped  ehaet  of  water  h»  eccnniQlatad  below,  <«  in  the  shaded  pait  ' 
M.  nda  water  may  oompletely  nbinte  the  poroni  lied  np  to  a  oertun  li 
L  L  to  inataDoe,  bat  win  be  pnrented  Ihnn  ridng  to  the  inrf aoe  by  the  k 
oni  badi  at  a»  alioTe  tt  If  that  impervioa*  downwaid-corrad  bed  be  pier 
a  bore-hole,  the  water  wiU  tmd  to  lin  in  that  bole  to  the  level  L  L,  and  tl 
be  In  eooM  oaaea  above  the  lerd  of  tlie  amfJua  of  the  ground  In  the  low 
nglon,  aa  lepreeeuted  in  ng.  GO. 

In  tUa  diagnm  Uw  pcooni  bed*  an  indicated  by  the  lettan  P  P,  a 
~— ' —  "^-la  by  the  lettm  aa  n.     If  thai  the  ynO*  W  W  W  be  itmk  I 
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twimiwTTlooi  t«J%  tlMWitariril]  liw  fat  tham,  dthcr  on  to  ths  tm&M 
Jri  ■  in  th*  Mubal  wdl,  i^  to  Um  rarfiM  m  In  Um  om  on  tb«  right 
»ap to tba wataHeral LLlnthaoiiBontlulaft  hud.     Without  lonM 


bMB  tbv*  «M  no  etldanM  of  U17  ma  alnctnn. 


CHAPTER  IX, 


FAUUrS  OB   DISLOCATIONS. 


1 


It  may  easily  be  conceived,  that  the  force  which  was  sufficient  to 
vast  masses  of  solid  rock,  of  unknown  but  immense  thicknefle, 
beneath  the  bottom  of  the  sea  high  into  the  air,  in  order  to  form  tks 
land,  and  to  bend  them  into  the  folds  and  contortions  that  bare 
just  described,  was  also  sufficient  to  crack  and  break  them  through, 
find,  accordingly,  very  frequent  instances  of  cracks  running  throng^ 
thicknesses  of  rock,  which  are  obviously  fractures  caused  by 
force.     Sometimes  these  are  mere  fissures  ;  but  more  frequentlj 
is  not  only  a  severance  but  a  displacement  of  the  rocks  that  have 
severed. .  Beds  that  were  once  continuous  are  now  left  at  verv 
levels  on  opposite  sides  of  the  fissure — many  feet,  or  many  h 
of  feet,  above  or  below  the^parts  with  which  they  were  once  contin 
When  this  is  the  case,  these  fractures  are  called  "  faults "  or  " 
tions"  by  geologists,  for  which  miners  in  different  districts  xat 
addition  the  terms  "  slip,"  "  slide,"  "  heave,"  "  dyke,"  «  thing," 
"  trouble,"  "  check,"  and  other  expressions. 

The  Throw  of  a  Fault. — ^The  amount  of  dislocation,  measured 

vertical  direction^ 
-^-  ^       -  duced  by  a 

called  its  " 
a  fault  being  saidf 
be  an  "  upthrov'l 
a  "  downtlirow,'  i| 
an  "  upcast**  • 
"  downcast,"  accoiA 
ing  to  the  side  fWI 
which  we  view  * 
Its  amount  is  staP 
in  fathoms,  yaitls»  ^ 
feet,  measured  p^ 
pendicularly  fromt" 
surface,  pro\ided  »■ 
surface  be  horizontal,  from  a  ^ven  horizontal  plane  if  it  be  not  ft 
for  instance,  a  bed  of  coal,  where  it  is  cut  by  a  fault,  as  at  a,  Fig.  5U 


Fig.  61. 
Section  of  a  fault. 
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ds  from  the  sni&oe,  or  from  an  aasamed  horizontal  datum 
lid  the  other  part  of  the  bed  immediately  on  the  other  side 
:,  as  at  6,  be  200  yards  below  the  line  A  B,  the  throw  of  the 
i  to  be  100  yards,  without  regard  to  the  distance  measured 
om  A  to  B  along  the  snr&ce,  or  from  a  to  6  along  the  feinlt 
'ever,  the  outcrops  of  inclined  beds  are  cut  by  a  faulty  the 
tween  the  ends  of  any  broken  bed,  measured  on  the  snilacey 
ine  of  Ceiult,  is  often  said  to  be  the  '^  heave  "  of  the  fault 

;  accounts  from  minen  m  to  the  chancten  of  faults,  it  is  necessary  to 
rQMxd,  and  be  quite  sore  that  the  seme  in  which  they  use  these  terms 
inderstood.  In  some  districts  they  wonld  speak  of  tiie  distance  A  B, 
mg  the  surface  of  the  ground,  or  tke  boriiontal  distance  between  the 
cds,  as  the  "  width  "  of  tke  fault,  looking  only  to  the  extent  of  "  harren 
to  that  particular  bed,  and  paying  so  attention  to  the  real  width  of 
Bsnre  itself,  which  might  be  not  more  than  a  few  inches^  or  perhapa 

its  as  to  the  amount  of  the  throw  of  faults  also,  especially  where  the 
lined  from  the  horizontal,  and  the  faults  from  the  perpendiculsr,  will 
aken  with  great  caution.  Two  dUTerent  faults,  or  eyen  two  distant 
same  fault,  which  haye  different  degrees  of  inclination,  may  appear  to 
in  throw,  without  producing  any  important  variation  in  the  position 
it  a  little2distance  on  each  side  of  them. 

>2,  let  A  B  and  C  D  be  such  parts  of  faults  cutting  the  coal  L  L,  A  B 
&ep,  and  C  D  a 

jigle  of  inclina-        -^      o  f* 

brow  of  the  fault 
«  measured  by 
that  of  C  D  by 
horter  line  e  d, 
i  position  of  the 
nd  Y  vrill  be  the 
th  cases.  The 
bed  that  will  be 
!  miner  by  the 
A  B,  however, 

t  the  surface  by  ^  B 

.  o,  will  be  much  ^  52. 

that  marked  Z, 

be  lost  by  the  more  gently  inclined  fault  C  D,  and  which  will  be 
t  the  surface  by  the  Hj>ace  A  p. 
\  faults  are  inclined  from  the  perpendicular,  therefore,  the  better  for  the 


ties  of  Faults. — ^Faults  vary  in  character j  chiefly  according  to 
8  of  the  rocks  which  they  traverse,  whether  they  be  hard  or 
I  alternation  of  both ;  and  in  effect,  chiefly  according  to  the 
&f  the  beds  which  they  traverse,  whether  these  be  horiiontal, 
or  contorted,  and  according  to  the  direction  and  number  of 
racture^  their  inclination  and  combination. 


JUUXtOB  or  9AXJVK.  Ml 

L  haA  bMD  pndnMd  in  tha  maM  of  die  beda,*  BtmietimM  the 
od  abniptlj  withoDt  ■117'  diitortioii,  Kg.  B3 ;  bat  lometimea  they 
o  baTe  bean  bant  and  distortad  alonff  tJia  plana  of  *^i'  finlt  to  a 

>  beading  or  dtolortka  of  the  ltd!  aMwIlj  take*  pbtM  unggwtadin  Tig. 


cvtMia  Hnoinit  of 

OB,    \mt    b7   tha  '  __ 

•  of  I.OTdDadley'j  ^^  ^  V      "  " 

Dadley,  I  DMd  an  ' 

liitr  (nf BTTod  to  in  tbe  prevf  am  note)  of  pereonally  eXMiilntTig  the  gatMtiad 
I  had  had  driven  np  to  end  acnm  the  greet  bonndaiy  faolt  et  Himlef,  end 
ing  mTseU  of  the  >ccnimcj>  of  the  statement  in  that  Inftence  et  ell  event*. 
*-ro>d  wu  contmagd  from  the  Thick  coal  some  twenty  yardi,  Into  the 
nian  rock  at  a  depth  of  ebont  one  hundred  ywde  from  the  snrface.  Both 
ma  were  greatly  ahattered  tuA  brolcen,  eo  mnch  ao  that  no  tnutworthr 
ution  of  the  dip  of  the  Penoian  beda  conld  be  made.  The  coal-meaanna 
t  onlf  ahattered  but  aqneeied,  so  that  the  Thick  coal  loet  much  of  Ita  oiaal 
■  OB  approacbing  the  fault,  and  vheD  it  came  within  ten  or  twelve  yarda 
vaa  bent  op  perpeDdicolaiiy,  and  the  beda  below  it  roae  into  the  w;^  of 
-road,  and  were  eat  off  above  \>j  the  red  rock  Ijing  ohliqD«l;  acroe*  thent 
'egnlar  lioe,  the  inclinatioa  of  which  to  the  horiion  did  not  exceed  S7°, 
at  aa  Id  the  fbllawing  Bgore,  which  ia  condemed  from  a  rongli  aketch  and 
nwnt  I  made  on  the  apot. 

only  by  a  loclcy  actddentthat  a  geologiat  can  ever  liave  the  opportanitjrof 
lly  «T«mining  mch  B  caoe,  ««  the  continnance  of  the  mining  operatKma 

BB  "  illelunalde  "  or  potlatieil  and  itrlated  nrfaoeaan  not  conflned  to  thosB  neer 
K«,aailnad7meaticniad,tlitTonen  coat  the  lortia*  or  Joint*,  wltha  thin  rtrlated 
rtqnent]]'  of  illfcs.  These  an  attrlbatad  by  Kr.  CloH,  who  ha*  paid  much  atten- 
lem,  to  eirxtallUatloD  of  the  nibataiiDe  In  penile]  flbne  (tee  papei  "  On  ama 
mitaeaa  In  tb*  Qnnlle  near  Dublin,'  by  Berd.  Kaiwell  Cloae :  iownut  On*.  Soe. 
X.)  In  uanj  caiea,  bovever,  tney  are  menlj  Rtrlated  and  potiahed  plantia  of 
travcnlnc  the  rock,  u  I  had  an  opportnnltj  of  observlDg  In  Mareh  1807  tn  the 
il  la  staffsidaUie^  In  the  Hhalej  pit*,  on  vpneehing  the  bonndair  ftolk  the 
ba  Alia  aod  in  Uu  roof  ol  the  gats-ioada  bad  every  onUc  jaid  of  Ita  naaa  bannad 

I  boandaij  bait,  UU  at  a  dlatauee  of  M  or  100  yaidi  boo  it  Ih^  wen  laialT 
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shortly  makes  the  spot  inaccessible,  and  it  cannot  be  kept  open  for  mor 

short  time,  except  at  con 
inconvenience,  and,  i>erha] 
cost  to  the  miner.* 

Mr.  Cnrwen  Salmon,'  in 
1862,  pointed  oat  to  me  tl 
Pig.  65.  are  cases  in  which  the  thi 

Fault,  with  strata  bent  up  on  the  upthrow  side,    fault  is  much  greater  near 

face  than   at  lower  depths 

A,  The  Thick  coal  squeezed,   shattered,  and    probably    explicable    eithe 

suddenly  bent  up  perpendicularly.  change  in  its  inclination,  or 

B,  The  "Grains,*'  and  other  ironstones  usually    ^    ^^^^^  g^  j,^  ^Qting  of  th 

occurring  below  the  Thick  coal,  but  thinner   ^^  opposite  sides  of  the  fan 
than  ordinary.  the  movement,  and  in  the 

C,  The  Heathen  coal,  which  lies   about  seven   ^^  ^^^  ^^^.^  ^^  ^^^  ^^^^^ 

yard,  below  the  Thick  coal,  ^^  ^^  ^^   ^^U   ^^  ^^^^ 

^torlf"'  fonnaUon,  much   ^  ^^^  ^^^^^j^  ^^  ^j^^Uy  ^ 

one. 
When  faults  traverse  very  hard  and  unyielding  rocks,  such 
gritstones,  hard  limestones,  or  siliceous  slates,  and  still  more, 
penetrate  igneous  rocks,  such  as  granites  and  felstones,  the  fis^si 
apt  to  be  much  wider,  and  often  very  irregular.     If  the  original 
shall  have  taken  place 
not  in  one   plane,  but 
so    as  to   produce    two 
broken  or  irregular  sur- 
faces, with  cavities  and 
protuberances  as  in  Fig. 
66,  and  these  two  sur- 
faces slide  one  over  the 
other,  it  is  very  unlikely 
that  they  would  ever  be 
made  to  Jit  exactly,  so  as 
to  close  again  entirely 
upon  each  other.     Pro- 
tuberance   would     rest 

against  protuberance,  or  '  Fig.  56. 

come    against   a  hollow    section  of  hard  beds  cut  by  uneven  fault,  and  c 
not  large  enough,  or  not  cavities. 

of  the  requisite  form,  to  receive  it,  and  thus  the  two  walls  of  th 
would  be  kept  partially  and  irregularly  apart,  the  fissure  bein: 

*  I  was  fortunately  able  to  secure  for  the  Coal  Commission,  which  was  ther 
detailed  mining  section  of  this  interesting  gate-road,  constructed  with  great  a< 
Mr.  Hughes  of  Dudley,  mining  surveyor,  and  Mr.  Spruce,  the  manager  of  the  coll 

It  is  not  very  easy,  perhaps,  to  form  a  correct  physical  conception  of  the  mod 
of  the  mechanical  forces  which  produced  these  and  similar  phenomena  met  wi 
mining,  and  I  believe  there  is  yet  much  to  be  leamt  by  more  accurate  descri 
delineation  of  the  phenomena  themselves.  Geologists  must  look  for  informatio 
and  other  matters  to  those  practically  engaged  on  them  in  the  future. 
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hxiiae  pkfM  and  open  in  others.  In  Fig.  56  an  uneven  fracture 
king  Usvened  the  hard  bedd  A  £  C  D,  and  dislocntion  taken  place, 
fa  t^t  would  be  the  irregular  fiaeure  E  F.  '  It  is  true  that  the 
.Jpuiin^  ^iore«a,  OS  the  enrfaces  moved  upon  each  other,  would  often 
*(«tlj  diBtmsh  this  irregularity,  and  in  soft  rocks  probably  obiiternte 
'It;  klinhuril  rocka  it  is  much  more  usual  to  find  the  irregular  open- 
I  fcp  liyin  described  still  remaining. 

I  ^hntr  nllemationa  of  hard  and  aoft  heda  occur,  there  may  he  a 
tatWtUiBon  of  the  two  effects,  the  fissure  being  quit*  closed  whero  soft 
pAiBlmught  together,  or  even  where  soft  beda  are  brought  against 
ire  or  lesa  open  where  two  hard  beds  come  opposite  each 
'  In  ipeaking  of  open  fissures,  however,  it  is  by  no  moans  intended 
rt  tlie  frequency  of  fissures  now  open  and  empty.  They  are 
WiuTariably  filled  with  materials  either  derived  from  the  ruins  of 
*  •IjaMut  rocks  at  the  time  of  the  fracture  occurring,  or  afterwards 

Sniae  fissures,  even  in  the  most  yieliling  rocks,  have  been  kept  open, 
^Uhfct  their  aides  kept  apart,  by  fragments  that  were  dragged  into 
*iil  al  the  time  of  their  occurrence.  In  tracing  the  line  of  a  fault 
lij;  the  surface  of  the  ground  in  North  Wales,  I  have  often  found 
Itnps  nnd  patches  of  the  broken  beds,  even  some  yards  in  diameter, 
Mtgiii  by  tie  way,  and  eerving  to  point  out  the  direction  of  the  fault, 

1.  VBlfttlon  of  Tanlti  in  oStoot  nooordlng  to  iiudiiutiMi  of  Beda 

As  it  ia  comparatiTely  me  to  find  beds  in  a  atrictly  horizontal 
iition  over  any  con-  i 

leiable  area,  it  is 
tamrj  to  study 
!  effect  of  &ulte  on 
lined  beds,  and  on 
ii  with  an  inclina- 
D  varying  either  in 
g^  in  direction,  or 
both.  If  any  bed 
Kt  of  beda  "rtrik-  ■«■_ 
t"  in  a  given  direc- 
ii,and  "dipping" 
ft  given  angle,  be 
Dkcn  through  by  a 
lit,  the  effect  of  the 
(tied  "throw"  is 
pfodaoe  at  the  ror- 
ee  the  appearance  of  »  lateral  "OdA  "  or  "heare."     Let  Fig.  &1  V  a. 
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e' South 
^T^ 


North 


horizontal  plan  of  the  outcrop  of  a  set  of  beds,  of  which  we  may  rap- 
poee  a  a  to  be  a  limestone  inteistratified  with  sandstones  and 
shales,  and  that  they  all  dip  steadily  to  the  north  at  an  angle  of  25o, 
and  that  these  beds  are  traversed  by  the  fault  h  6,  causing  a  "  down- 
throw "  to  the  east,  or  an  "  upthrow  "  to  the  west,  which  is  the  same 
thing ;  then  the  outcrop  of  the  beds  will  be  farther  south  on  the  east 

side    of    the  fault 
c^r^'-^J'^^v^^  than   they   are  on 

i        """-^"^'--^  the  west 

To  render  this 
more  evident,  let 
Fig.  68  be  a  dia- 
grammatic section 
drawn  &om  south 
to  north  along  the 
direction  of  the  line 
Fig.  68.  of    fault,   showing 

DiagTunmatie  section  of  Fig.  67,  to  explain  the  apparent  the  beds  on  both 
lateral  shift  of  an  inclined  bed  along  a  horizontal  line  when  it  is  gides  of  it,  and  let 
moT«l  r«tlc.lly  «»o«  It  ^  ^^^  ^^^  ^  ^ 

limestone  a  a,  disregarding  the  other  beds.  If  we  suppose  the  part  (6) 
dropped  vertically  down  to  (c),  and  the  part  i^d)  in  the  former  continua- 
tion  of  the  bed  down  to  («),  it  is  clear  that  a  vertical  throw  of  the  bed 
a  a  on  one  side  of  the  fault  will  place  it  in  the  position  (f  d  on  the 
other  side  of  the  fault,  the  respective  outcrops  of  the  two  pieces  of  the 
same  bed  being  at  the  present  surface  of  the  ground  at  the  points  h  e. 
In  other  words,  the  apparently  lateral  shift  of  the  outcrop  of  a  a  in  the 
plan.  Fig.  57,  has  been  produced  by  the  vertical  throw  of  the  inclined 
beds  on  opposite  sides  of  the  fault.  The  figure  58  may  perhaps  be 
more  readily  understood  if  it  be  copied  on  a  separate  piece  of  tracing 
paper,  and  then  the  tracing  paper  placed  over  the  figure,  so  that  d  d 
should  coincide  with  dh  ;  if  then  tiie  piece  of  paper  be  moved  verti- 
cally down  the  page,  keeping  the  dotted  lines  d  e  and  (  c  on  the 
tracing  paper  over  those  in  the  woodcut,  it  will  be  seen  that,  while  the 
movement  of  the  paper  is  vertical,  the  bed  a  a  will  travel  laterally 
along  the  horizontal  line  from  north  to  south,  so  that  from  h  it  will 
gradually  arrive  at  e. 

The  higher  the  angle  at  which  the  beds  dip,  the  less  will  be  the 
apparent  shift  at  the  surface  produced  by  the  same  amount  of  throw. 
In  Fig.  59,  the  angle  of  inclination  is  increased  to  60^,  the  vertical 
throw,  or  the  distance  between  h  and  c,  remains  the  same  as  in  Fig.  58 ; 
but  it  is  obvious  that  the  apparent  lateral  shift  or  distance  between 
h  and  e  is  greatly  diminished.  This  diminution  would  continue  with 
the  increase  of  the  angle  of  inclination,  until  the  beds  were  actually 
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'ben  it  it  |dsis  tint  no  Bnunrnt  of  Tmtioal  throw  eonid 


tbeentlie  "«" 

m  ud  dislocation.  On  tlie  oontnry ,  when  the  beds  lie  at  b 
HBf^e,  a  rety  small  dislocation  aoiy  shift  the  ontciop  of  the 
'o;  considenble  distances. 

obrione,  from,  an  inspecdon  of  Figs.  S8  and  SB,  that  if  we 
B  inclination  of  Hie  beds,  and  the  amount  of  the  Teitical 
of  the  fault,  we  may  easily  calcolate  what  will  be  the  apparent 
leir  outcrop  at  the  surface  ;  and  if,  therefore,  we  find  the  ont- 
ae,  it  will  be  easy  to  discorer  the  outcrop  of  the  other.  On 
hand,  if  we  know  the  distance  between  the  outcrop  of  the 
ippcsite  sides  of  the  fanlt,  and  theii  angle  of  inclination,  it 
asy  to  calculate  the  amonnt  of  the  vettical  "  throw,"  or  to 
be  depth  (or  distance,  b  e)  at  which  the  one  port  of  the  bed 
and  lower  than  the  corresponding  point  on  the  other  aide  of 

ctice,  allowances  hare  to  be  made  for  irregnlarity  in  the  snr- 
!  gronnd,  and  for  variations  in  the  angle  of  jnclinatioii  of  the 

also  for  changes  in  the  amount  of  "  throw  "  in  the  fanlt,  but 
ve  consideration  of  the  simplest  case  lie  the  elements  of  mnch 
tility  in  mining  and  other  operations.  In  the  Appendix  will 
k  taUe,  which,  among  other  things,  will  show  the  relations  be- 

dip,  the  throw,  and  the  shift  oi  heave  of  dislocated  beds, 
lut,  when  any  two  of  these  are  known,  the  value  of  the 

his  apparent  lateral  shift  at  the  surface  is  leally  due  to  veiti- 
on  or  depression,  may  be  shown  further  by  eramining  ita 
«ds  thrown  into  anticUnal  and  synclinal  cnrves.  LetFig.  60 
in  which  a  a  a  is  a  bed  having  a  synclinal  or  basin-abaped 
at  8  8,  and  an  anticlinal  form  at  A  A,  dipping  as  shown 
owa,  at  m  angle  of  60°  in  each  direction,  and  let  it  be  tm- 
tltefiailt77.  It  is  clear  that  no  l»tei«l«lufti]iginU.W)«niiA 
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for  the  places  of  the  broken  ends  of  a  a  on  opposite  sides  of  1 

^  since  they  are  shifts 

posite  directions;  wl 

present  positions  a 

*^k"^  and    obviously    a< 

for  on  the  supposit 

s  vertical    elevation 

side  of  the    fault 

^^''^  u  u,  or  depression 

'II''''*    marked  d  d,  aud 

quent  planing  dowi 

A  whole  to  one  level 

,    If  we   draw   two 

parallel  to  the    fa 

on  opposite  sides  of 

as  in  Fig.  61,  along 

upcast  side,  and  tl 

as  in  Fig.  62,  alo; 
Plan  of  anticlinal  and  synclinal  cuire  trarersed  by  a   the  downcast  Hide 

in  the  beds  with  a 
60°,  as  directed   by  the  arrows  in  the  plan,  we  should  at  ( 
that,  in  Fig.  61,  on  the  up- 
cast side  of  the  fault,  the  beds  /'  "^^ 
will  bieet  below  S,  at  a  point 
much  nearer  the  surface  than 
they  do  in   Fig.    62  on   the 
downcast  side ;  in  other  words, 
that  the  bottom  of  the  syncli- 
nal is  at  a  higher  level  in  the 
first  than  the  last  case.    In  the 
same  way  the  point  over  A, 
where    the     anticlinal     lines 


Fig.  «o. 


n 


Fig.  61. 
Section  on  the  upcadt  side. 


would  meet  if  produced,  is  higher  above  the  surface  in  Fig.  6 1 

^<-x  Fig.  62,  or  the  \^ 

//  /^  '\ 

$0'^'   /  A  \    \ 


\ 


Fig.  62. 
Section  on  the  downcast  side. 


the  bed  a  a  is  mor 
out  of  the  ground 
61  than  in  Fig.  6 
plain  that  these 
ances  are  the  re 
the  vertical  elevt 
the  beds  on  one 
the  fault  F  F  in  : 
or  their  vertical 


sion  on  the  other  side  of  it     The  greater  the  throw,  the  more 


OF  UCLT& 


207 


itcropa  of  ft  ijiuliiul  eomd  bed  be  Mpmted  on  tLe  dowi^ 
lid  di«  taan  ntttljr  wUl  tlie  ontovpa  of  u  anticliiul  comd 
onght  together,  while  <ni  the  npcwt  dde  of  the  fiuilt  the 
iit  cue,  the  outcrops  of  «  fyndinal  carve  will  be  brought 
nd  those  of  4n  anticlinal  will  be  aepkrated. 
sillier  the  angle  of  the  dip  or  diieetion  of  the  strike  of  the 
along  the  ooaiae  of  a  fanl^  ita  efiect  npon  the  position  and 
ir  oDtoop  become!  eqtullj'  variona.  Thia  effect  m^  be  still 
ipUcsled  by  a  change  in  the  amoimt  of  the  "  throw  "  of  « 
(sent  parta  of  ita  coima. 

latlon  of  FmltB  aeaanllBg  to  their  dlreetbtn,  nnmbsr. 


dlnal  or  Strike  Tanlta. — ^W«  have  hitherto  mppoeed  the 
1  directly iBjrt 


FuU  tiDDg  attlka. 

n  Fig.  63,  which  is  a  plan,  where  the  fault  F  F,  running 
directly  along  the  etrike  of 
the  beds  concealii  part  of 
No  2  the  whole  of  3  and 
4  and  port  of  No  5  as 
may  be  seen  by  the  section. 
Fig  64 

There  is  reason  to  bo- 
Leve  m  the  enstenca  of 
itnie-fauUs  on  a  larger 
scale  than  has  yet  been 
Boapected.  Their  detection 
in  conntnes  m  which  the 
rocks  are  greatly  disturbed 
might  be  very  diffleolt, 
=*  *^  "■  espedally  where  the  tme 

of  the  beda  ia  not  certainlj  knom,  and.  ^eiy 


'»«a>»  ,5    f""™' «.  to  U., 


obrtou  tk.?*?^   *  j 


plan  of  J 

inHg. 

Knthat 

IdfiraJt  ^^ 

,     "'   Blii^IlMta]t,t>n>da«dt7lMiHni«afb>diinaMiUa<if 

cane  being  jardii. 

>le  that  thia  bending  of  the  beds  along  tbe  line  of  fault 
re  than  once,  bo  that  they  may  be  thrown  into  undnla* 


pig.  M. 
GrauDd-plEo  of  fUilt  iplltting  ti  tli<  taAi. 

adulation,  too,  may  also  become  80  great  that  the  down- 
iDge  sidea,  as  is  attempted  to  be  shown  in  Fig.  69.  Ibia 
3  in  nature  sometimes,  the  &ult  appearing  to  die  awaj 
when  the  beds  come 
tf^ther,  and  then  to 
set  on  again  vith  a 
dblocation  in  the 
opposite  direction. 
The  Fig.  69,  how- 
ever, is  to  be  taken 
as  a  mere  diagram  to 
help  the  eqilana- 
lion,  and  not  as  an 
actual  representation 
of  nature,  wheie  the 
undulation*  are  not 
to  lapid.  It  mart 
Ueeted  that   they  an  nrel/  apparent  at  the  ptewnl 


Fig.  ». 

lit,  vith  altantloiu  of  Unm  ptodnctd 
'  '  "  u  o(  bsds  *](mg  It. 
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li&ei  c^ 

are  here  ihiaii  to  he 
Ukdr  to  oeesr  Bear  tW 


fiaeii  beadiacsiai  Wl^' 

diskei&jB  vvold  be 

pcctif JOS  «f  a  ii^tuic  tba  ■<■ 


k  ifrse  than  cue  line  of  1 
tlfte  £Kt  of  di^scackn  beoonci 
easT  to  imdensaDd.  gnce  tlieR  i>  ^ 
difficoliT  in  cc-ocaTing  dm  tw  yp^ 
or  cottner  of  grc*imd  included  M^ 
the  interwctioa  of  tvo  fanlti,  bs  ^ 
dropped  down  below,  or  iqiiecsd  ^ 
abore  the  correepondicg  bd^  o>  " 
ontnde  of  them.  In  the  plan.  Fig.  7* 
let  1  h  and  <-  i  be  two  faults  w^ 
in  the  f-jint  K  the  included  pArt,' 
b-ein^  eiiher  depressed  below,  or  n* 
al">ve  a  6  c,  the  TuaTimnin  moTena 
taking  place  near  h.  Even  in  this  c* 
howerer.  the  beds  on  one  side  or  <A 
of  the  faults  most  be  bent  np  or  down  in  the  direction  of  f  d,  beciB 
if  the  two  faollB  end  or  die  out  at  a  and  r,  and  the  whole  of  the  be 
are  on  the  i«ame  level  thtrre,  one  port  or  other  must  change  that  kr 
in  proceeding  in  the  direction  e  d  towards  the  point  6,  where  u 
movement  was  greatest.  There  is  a  modification  of  this  case  shorn 
Fig.  71,  where  we  have  one  long  continuous  fault  A  B,  with  one 
more  lateral  branches,  c  d,ef^  i  k,  etc.,  proceeding  out  of  it,  or  lea*h 


Ft*.  TO. 
Plan  of  diAlocatioii  by  two  flainrH. 


1  <•" 


d  If 

Fig.  71. 

Great  fault  with  lateral  branches. 


^h 


Plan. 


into  it,  ail  we  may  choose  to  consider  them,  and  either  on  one  or  1 
Nidufi  of  it     In  this  case,  while  the  whole  mass  of  ground  is  thr* 
on  one  side  of  A  B,  the  particular  portions  between  c  </,  e  /,  or 
flown  oomera  between  any  one  of  them  and  the  main  iault,  may  h 
adilltlotial  minor  dislocations  of  their  own. 
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inlto. — ^A  long  powerfol  fmolt  is  often  oompoeed  in  fhe 

irt  of  its  ooone,  of  a  nmnber  of  parallel  fiflBUiesy  Teiy  dose 

)ng  a  nar- 

>f  coimtryy 

rocks  into 

ng  number 

in  Fig.  72, 

rethrow" 

ime  diiec- 

ring  some 

poflite   di- 

roduce     a   _ 

throw"  in    ^ 

1,  80  that 

d   as  one 


Pig.  71 
Steptenlts. 


to  have  any  mass  of  beds  entirely  cnt-off  on  all  sides  from 
LiTonnd  them,  and  wholly  depressed  below,  or  raised  above 
ry  Bide,  it  is  obviously  necessary  that  we  shSuld  have  at 
straight  faults,  or  two  curvilinear  faalts  surrounding  the 
ce  of  ground.  Such  completely  separated  masses  of  ground 
among  a  strange  set  of  beds,  may  perhaps  occur  in  nature, 
are  certainly  not  common. 

between  the  Inclination  of  a  Fault  and  the  Direction  of 
-Faults  and  fissures  are  sometimes  vertical,  as  at  A,  Fig.  73, 
tmmonly  inclined  at  various  angles,  even  so  low  in  some 


-'>«vr  -^.c?^-'*7r7.*'»*«^-' 


'(l.i     li-'.    'l 


ng.  78. 

lination  of  faolts,  and  relation  between  the  "  hade  "  of  a  Daolt  and  the 
direction  of  its  throw. 

20^,  as  at  B.  In  speaking  of  the  inclination  of  a 
Id  have  been  better  not  to  use  the  term  "  dip "  as  if  it 

but  to  adopt  that  of  "  )iade "  or  '*  underlie,"  were  it  not 
which  I  am  indebted  to  Mr.  Curwen  Salmon  for  calling  my 

that  miners  generally  use  the  terms  "  hade  "  and  **  under- 
sense  of  an  inclination  from  the  verticaL  It  is  therefore 
nent  of  the  dip  which  is  the  inclination  from  the  honzontsL 
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If  a  plane  dip  at  60®  ftom  the  horixontal,  it  will  of  coune  ^  underlie 
at  30®  from  the  vertical.  In  adopting  these  termsy  then,  the  sense  : 
which  they  are  used  must  always  be  specified.  In  inclined  faults,  az 
it  almost  always  happens  that  faults  are  inclined,  there  is  one  near! 
inyariable  rule,  which  is,  that  the  fault  "  rfi/w,"  ^hades^  or  "  underlies 
in  thi  direction  of  the  downthrow.  As  a  corollary  of  this  rule,  als 
another  equally  important  one  may  be  stated,  namely,  that  howep 
inclined  may  be  the  fault,  no  part  of  any  hed  will  ever  he  brought  ver\ 
calltf  under  another  part  of  it,  and  tiierefore  superior  beds  can  never  1 
brought  by  a  fault  under  those  originally  below  them.  Small  exce; 
tions  to  these  rules  may  sometimes  occur  in  rare  instances  ;  when  the 
do,  the  fault  that  produces  them  is  called  a  reversed  fault, 

Beversed  Vaults. — In  Fig.  73,  for  instance,  the  fault  between 
and  C  hades  under  the  downcast  piece  of  the  bed  (a  a) ;  and  it 

^  obviously  impossible  for  a  ve 

_ —     — I" — ^^  tical  fault,  or  one  inclining  : 

~ .".;  1'  •  •  "_iy_' '_ 7" *^®  proper  direction,  to   brii 

u\\\\\\\\\  I  iTSc^^ —      any  part  of  the  bed  a  a  vertical 

_      beneath  another   part,   as  thi 
7       would  be  in  the  imaginary  ai 

_y ^        exceedingly  rare  case  in  Fig.  7 

TT"i   r  I  j-r'i  I  Hit  O  I  have  never  myself  met  wii 

any  exception  to  this  rule,  exce] 

^ ^  on  a  very  small  scale,  and  whe 

^  ^  it  might  easily  happen  that  t] 

^' '**  exception  was  more  apparent  tlu 

Reyeraed  ftialt ;  of  Tory  rare  oconrrence.  i    xi.  a   •     t     ^• 

real,  the  apparent  mclination 

the  fault  being  merely  a  local  bend  in  a  vertical  or  nearly  vertic 

fault     A  case  of  real  occurrence  of  a  **  reversed  fault "  has,  howev< 

been  described  by  Mr.  G.  H.  Einahan,  from  the  information  of  \ 

Edge,  as  to  the  position  of  some  beds  in  a  colliery  in  the  Queei 

Coimty,  Ireland,*  and  other  instances  have  been  said  to  occur  eh 

where. 

Beason  of  Bule  as  to  Throw  of  Faults. — The  reason  of  this  ro 

is  sufficiently  easy  to  understand  when  we  come  to  look  at  faults  < 

the  large  scale.    Suppose  that  in  the  diagram,  Fig.  75,  we  have  a  secti* 

of  part  of  the  earth's  crust,  of  which  A  B  is  the  surface,  and  C  D 

deep-seated  plane    acted  on  by  some  force  of  expansion   tending 

make  the  part  A  B  C  D  bulge  upwards.     If,  then,  a  fracture  take  pla 

along  the  line  E  F,  it  is  obvious  that  the  expanding  force  will  on  ti 

side  of  A  C  have  the  widest  base,  C  F,  to  act  upon,  while  it  will  ha 

a  proportionately  less  mass  to  move  in  the  part  A  E  C  F,  which  groi 

gradually  smaller  towards  the  surface,  than  on  the  other  side  of  t 

«  8m  JiimmaZ  Geo?.  5oe.  Dv^  toL  tUI 


sou  A8  10  THBOW  07  VAULTS. 


213 


i^wtoe  with  liie  ondler  biae  F  D,  tlie 
^  Inger  towndi  tlio  tm&ce.    Tlui 


F  D  B  B  oontiniially 
Q  will  ooDieqnently  be 


^ 


X 


w^mAi 


'Jtm 


Fig.  70. 

k mat  UkeLj  to  be  raised  into  the  podtion  AeCf,  than  the  mass 
ilo  the  position  D/^  B  ^,  the  elevation  of  which  ooold  hardly  take 
s  widMNit  leaying  a  great  open  gap  along  the  line  of  fault  between 
t.  and  f  ij  and,  moreover,  without  leaving  the  projecting  piece  I 
hngiiitg  without  any  support 

Tkam  is  yet  more  d^oly  perceptible  if  we  suppose  two  such  fissures, 
ft  Fig.  76,  inclining  towards  each  other,  since  if  we  suppose  the 


\J' 


II 


A. 


Flg.7«. 

■^Bded  piece  I  to  be  elevated  into  the  position  indicated  by  the  dotted 

>>  it  becomes  utterly  unsupported  ;  unless  we  suppose  huge  dykes 

'^QctioiiB  of  igneous 

'^  to  imie  out  along  \  '\ 

'*ttt,irhich  would 

Jwe  tbe  case  from 

■  *J»«  of  fractures 

••* It  present  con- 
■1% 

^  mother    case 

••is  might  ima- 

K  tkit    of    two 

■dd  liaitB  inclining  in  the  same  direction,  as  in  Fig.  77,  the 

"^lieee,I,might  be  elevated  without  leaving  an  open  fiflsuxe,  but 
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Fig.  7a 
Inversion,  with  reversed  fault. 


then  the  part  /  would  overhang  in  an  unsupported  condition,  and  the 
enormous  friction  along  two  sides  of  the  piece,  I,  would  have  to  be  over- 
come. I  am  not  aware  indeed  of  any  case  similar  to  this  having  been 
even  supposed  by  any  one. 

The  late  Professor  H.  D.  Rogers,*  in  describing  faults  along  the 
axes  of  anticlinal  curves,  where  inversion  has  taken  place  on  one  side 
of  the  anticlinal,  spoke  of  the  uninverted  part  of  the  anticlinal  having 
been  thrust  up  the  inclined  plane  of  the  fault,  over  some  of  the  inverted 

beds,  as  in  Fig.  78.  He 
did  not  allude  to  the 
fact  of  this  form  pro- 
ducing a  reversed  fault, 
nor  is  it  quite  clear 
in  his  pai)er  whether 
the  structure  thus  de- 
scribed has  been  ab- 
solutely observed  ill 
sections,  or  is  merely 
introduced  hypotheti- 
cally  as  an  explanatioa 
of  certain  phenomena.  If  actually  observed,  a  detfdleil  description  of 
the  locality  would  have  been  interesting,  neither  am  I  prepared  to 
coml>at  the  hypothesis,  if  it  be  one,  since  it  is  just  in  such  greatly  dis- 
turbed districts  that  "  reversed  "  faults  are  likely  to  occur. 

Generalisation  of  Bule  aa  to  Throw  of  Faults. — I  believe  that 
the  rule  as  to  the  relation  between  the  inclination  of  a  fault  and  the 
direction  of  it^  throw  might  be  still  further  generalised,  so  as  to  include 
also  the  direction  of  the  "  heave  "  or  "  shift "  of  the  surface  outcrop  of 
inclined  beds,  so  that  the  rule  might  be  stated  thus : — "  Xo  fauU 
traversing  any  set  of  beds  will  make  an  acute  angle  with  the  same  bed  or 
both  sides  of  the  faidt^ 

The  position  of  the  beds  shown  in  Fig.  74,  in  which  a  bed  a  a  ia 
cut  by  a  fault  F  F  so  as  to  have  an  acute  angle  on  both  sides  of  it,  is 
then  generally  an  impossible  one  (except  as  a  small  local  occurrence  in 
a  greatly  disturbed  district),  whether  we  regard  the  figure  as  a  vertical 
section  or  a  horizontal  plan. 

Trough  Faults. — Faults  ordinarily  extend  indefinitely  downwaidsL 
We  cannot  comprehend  the  possibility  of  fracture  and  displacement 
having  taken  place  in  any  imcontortcd  set  of  beds  without  all  those 
below  having  been  equally  disturbed,  unless  we  come  to  a  part  when 
another  fracture  occurs,  producing  an  equal  amount  of  displacement  in 
an  opposite  direction.     This  junction  between  two  opposite  faults  pro- 

*  In  his  paper  on  the  "  Laws  of  Stmctare  of  the  more  disturbed  Zones  of  the  Etrtk'W 
Cmst"  {Trans.  Bayal  Soc.  Edin,  vol.  zzi.  p.  8). 
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is  often  called  a  **  tzongh  "  the  faults  being  called  a  ^  pair 
The  o]ypo«ite  fiEialtB  of  a  trough  may  be  either  Tmequal  in 
a  c  and  b  Cfin  the  trongh  A, or eqnal|  aadeffe^m  trough 


^^'VlA*.  •  cC<(feV^^, 


Fig.  79. 
Trough  fitnUt. 

bimer  case,  the  displacement  affects  the  whole  mass  of  the 
rock,  as  may  be  seen  by  tracing  the  bed  X  through  the 
;  in  the  ^ 

it   only  "  ^ 

mass  B, 
ncluded 
faults, 
case  we 
the  bed 
tside  of 
B  is  on 
5vel    on 


[e  of  ex- 
r  these 
ts    that 

the  most  probable,  if  not  the  only  one,  is  the  following : — 

beds  A  A,  B  B,  etc.,  in  Fig.  80,  to  have  been  formerly  in 

ision,  arising  from  the  bulging  tendency  of  an  internal  force, 

ire,  F  E,  to  have  been  formed  below,  which  on  its  course 

^  splits  into  two,  E  D  afid  EC.     If  the  elevatory  force 

ontinued,  the  wedge-like  piece  of  rock  W,  between  these 

being  tmsupported,  as  the  rocks  on  each  side  separated, 

down  into  the  gap,  as  in  Fig.  81.     If  the  elevatory  action 

near  the  fissure  than  farther  from  it,  the  single  fissure 

have  a  tendency  to  gape  upwards,  and  swallow  down  the 

lat  eventually  this  might  settle  down,  and  become  fixed 

much  below  its  previous  relative  position.    Oonsiderable 

destruction  of  the  rocks,  so  as  to  cut  off  the  comer 


< 


t 


B  9       J'  thus  widen 
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g  h  (Fig.  81)  on  either  ode,  would  pfobablj  take  pkoe  along  the  ^^^^ 

of  the  ^* 

and  aHov  the 

settle  down 
tli».  Wbente 
of  elevation 
act,  the  lockii^' 
have 

to  cink  down  ^ 
and     resume    t    ^^ 
oiigiiial 
bat  these  new! 
eluded  wedge-shaped  and  other  masses  would  no  longer  fit  into 
spaces,  so  that  great  laUral  compression  might  then  take  jdaee. 

The  reader  must  reooUect  that  the  Figa.  80  and  81  are  mere  diagrams  to 
his  comprehension,  and  not  actoal  representations,  in  which  there  woald 
sarily  be  introduced  a  moch  greater  amount  of  complexity.     This  maj  be 
an  inspection  of  Fig.  82,  which  represents  the  commencement  of  a  troa^ 
in  the  middle  of  the  Thick  coal  of  South  Staffordshire.     This  was  carefnOy  i  .__. 
to  scale  by  Mr.  Johnson  of  Dudley,  from  the  side  of  a  '^  gate^road  ^  In  the  "0^ 
toria  colliery  at  West  Bromwich.     It  shows  the  arching  of  the  beds  aad  Ai^ 
fracture  by  nnmerous  small  fissures  on  each  side  of  the  main  fracture,  whsvs  ^ 
beds  gaped  and  let  in  a  wedge^haped  piece  of  the  beds  aboTe.     On  Mdi  side  d 
this  "trough  fault"  the  coal  marked  B  B  was  reduced  by  pressure  to  a  ststt 
resembling  a  '* paste  of  coal  dust  and  very  small  coal,"  while  the  parts  maxksdC 
were  uninjured.     The  total  thickness  of  the  coals  which  here  constitute  the  Thitk 
coal  is  alxjut  ten  yards,  and  the  length  of  the  gate-road  shown  in  the  figure  abost 
150  yards.* 

It  seems  certain  here  that  the  beds  were  arched  and  cracked  in  the  centre,  M  \ 
as  to  include  the  wedge-shaped  mass  A,  and  that  on  settling  down  again  tint  j 
piece  prevented  the  beds  regaining  their  former  position.  The  vertical  downwsii  \ 
tendency  then  resulting  from  the  pressure  of  the  superincumbent  mass  would  hsM  ; 
1)e  transferred  to  a  lateral  pressure,  tending  to  crumple  and  dislocate  the  beds  on  ] 
each  side.  I 

liSteral  Pressure. — We  have  already  seen  that  the  appearance  of  k 

lateral  motion  having  taken  place  in  beds  is  often  a  fallacious  one.  r 

We  have,  however,  in  the  above  considerations,  a  true  cause  of  lateral  i 

pressure,  which  may  sometimes  operate  on  a  far  larger  scale  than  the   s 

little  example  just  quoted.     The  vast  anticlinal  and  synclinal  cmrei   ; 

into  which  great  mountain  masses  are  usually  thrown  may  originate  in   j . 

very  much  the  same  way  t  as  the  minor  cracks  and  squeezes  in  this  case.    - 

•  Mem.  QtoH.  Survey,  S.  Staff.  Coalfield,  2d  edit.  p.  104. 

t  The  resAoniog  above  given  wu  worked  out  during  the  survey  of  the  Boutb  Staflts^d 

ooftlfleld  in  1847  and  1848.    I  afterwards  oheerved  that  Professor  PhiUipa,  in  his  aoeooBt  of 

the  Malvern  Hills,  In  the  second  volume  of  the  Memoirs  of  the  Qtoiogical  S%rvey,  p.  143,  b>i 

^         arrived  at  similar  results  by  similar  reasoning  snme  years  hefore. 
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comracnm  or  udlib  with  ocmroBnoifs. 

nmMaa  bitw  TKotta  ind  Oon- 

Am   tlia    nnlt  of    m;  own 

tc«,  I  1017  sSim  that  it  ii  oom- 
ly  nn  to  fiud  &  diitiict  gnatlj' 
<dy  mi  iIjo  tiKTenBd  hj  luge 
Mnd,  OIL  the  other  hand,  whemm 
c:t  it  mnch  hioken  bj  fimlt^  the 

of  pwmd^Mtwtm  the  ftadts  are 
'  iwt  nnuh  conlottcd.  lliia  ie  what 
]*ild  d  pricri  ezpeel  to  be  tho  cue, 
'  &  intemal  f^cM  of  dutorbanee 
^ak  theb«dl^  any  further  moremmt 
BcRan  the  duloeationa  ntber  than 
■n  cmratiiret.  It  appcara  likelj, 
<  Qu  d«epl7-«Mt«d  contoitioni  will 
It  IB  baetorea  of  the  beda  aboTB  them; 
tttf  (MM  kind  ctf  morement  will  take 
>h  me  part,  and  the  other  in  another 
■multaneoiuly.  There  ia,  however, 
Dg  unlikely  in  the  suppoeitioQ  that 
notorted  aX  one  time  may  afterwaida 
ctnred. 

«tloal  >xt«naii>n  of  Fanlt& — We 
ilready  Been,  in  tracing  fanlta  iuper- 
■  along  what  may  b«  called  their 

extenaion,  that  it  ia  imponible  to 
re  diiplacement  to  occur  except  in 
neoce  of  a  second  fanlt  meeting  the 
t  in  conseqnence  of  a  bulging  of  the 
long  a  part  of  the  line  of  the  fault 
r  icaaoniug  will  apply  to  the  Ter- 
xtensian  of  a  fault.  The  late  Mr. 
<pkins  haa  ihowu  ub  that  fiactnies 

eruit  of  the  globe  have  taken  place 
dienee  to  certain  mechanical  laws. 
■BCt  of  country  of  indefinite  length 
readth,  compoaed  of  a  aet  of  nearly 
eneons  beda,  auppowd  to  he  origin- 
oriiontal,  and  nearly  equally  tena- 
11  orer,  be  acted  on  by  an  expanuve 
n>m  below,  inch  aa  an  elaatic  gas  or 
en  fluid  would  exert,  thoae  bede  will 
used  «a  aa  to  tend  towards  bulging 
iBy  until  a  unmber  of  panilli'l  Suiuea 
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ari'  fnmifld,  conunencxxif:  ax  pomir  Ifeknr  tiu-  ^sak  i2i>i  numing  op  to 

it.     Tbf  y  mar  be  crowed  either  then  or  s^  rK^r' ^arZLtlr  hr  another  set 
«        ■  •         •     • 

of  ponillcl  iiHRiiTeR  at  h^rht  axi^t:r  u-  iht  fas.  mtL     iixse  ax  the  D>)flBil 
Tefmltf"  which  mar.  iii  actual  iiact,  be  conniUcaird  \^  Tz^nr  irreguIinM  ; 
ariain^'  from  canditianr^  diflferent  from  iLoae  win:!  vtr^  4.v:mitiL    »  j 
Reenih  Xa»  ioHov  fronj  the«-  resnlxfi.  tha:  foe  difTjia>£zi>^;  :•.•  hiretiktt  I 
])lace  amniifr  the  fxactUTH]  Tnaiweti.Tini  a:  mnit:  ihXJS^  ^-yzL-l  mc«tbelof| 
fn*  V  emireh*  u>  sever  thi-  xna«ef  irom  each  tiibe:.  azii  all.v  of  uKqw 
motions  liein^  conunmiicatMl  tf<  them,  o;  tha:  iazlt?  ^b-i-dil  gnwT 
end  dowswardH  (m  the  Fuxfares  of  highly  cnrrt-c  azii  cM^M-xtcd  bedii 

Coniwctiim  iMtvpasii  Intmaian  of  Ishbods  Bocka  md  ProdockM** 
7aiiltB. — ^The  intnudoii  of  i^eouF  rock  mar  in  Kjizje  iosuacis  iix^ 
the   amount    of  dudncatinnti :  hui  the  smdent  znnss  li«  on  hi?  ^7 
afWiRl  attrihntiiifr  tr>  local  intrndaD  of  if!neii>u^  r.*ck.  tSjrCXi  titlt^f^ 
or  contortion,  or  fraeture,  which  art  not  due  to  it.     The  iatiu^*^  ^ 
i;;nf^nf^  mck  amon^;  other  mames  is  it^eJif  a  rt^iilt  u^i  net  a  catl-  , 
diPtur}»ttnr-.f.     TIh  dir^uHiancer-  of  stpatifird  r-:«:t?  ni^v  |.i-rbaj«5 1^ 
\('  vi(i..ly  fxtendit]  ac.rf*r<iiiMhf'  nf  beat  expandiiic  JJ^rjc  iiias«-*  of  ^ 
of  al!  kiiuU.  siiiiultaiietiusly  over  frrej*:  rpacfts.  iiud  the  fnrsriiurTii  *- 
trantii)H!»  \vh«ii  thai    hrjii    is  diniinisbetl   i»r  tafcvi.  LWiiT.     Small  V 
intrusions  <•(  iinieuu-  TiK-.k  mar  luive  jiCTed  a.-  stav?  ai:d  wt-iiTr*  to  1 
v«»ni  till  liisliiciiied  ln-d-  ?»e.tiliiu:  "Uick  ini-.-  thfi:  i:niirT  j»:.tce5,  V-x;t 
intru'sion  of  iLnieouf  rock  tluriiip  wiiliilv  HpreAd  disT'jriiaLiCr  5<xiiis  ra: 
t('  have  liiM/ii  ilif.  exre])Tion  tbuL  the  rule. 

"VTlH'n  w(-  couii;.  inilei'd,  ti-  Mua'^-wc-  liircre  inmiiii-rj:?  of  irroat  j^^i 
niaFHi^  into  Uu-  rookf  aliovc  tbt'm.wt-  >ee  a  fertile  Bource  of  <li>l-.'ca: 
iir«t.  liy  ibr  (^xjtniisioij  of  tin-  sujKTior  rock?-  from  the  merv  imi]?tiy 
the  bulk  (»i"  ibf  uiolT^'.n  nia?s.  tind  afuirw^ardf  fr.«m  CL-ntraction  in  co 
fjuenre  oi  the  r(i(jlinp  of  tlmt  nuu^s,  which  cc?ii traction,  as  we  shall 
niijL'bt  a7U(tuiit  to  ev<ai  one-founh  (*{  ii?  l»ulk.  Where  any  l.ir^  1 
of  Uiutter,  tf>o,  lio**  }Kn.»n  ernjtied  or  fjecied  over  the  surface  of  the  groi 
the  witbdruwa]  of  its  liulk  mny  hnvt-  tend<Hl  to  leave  a  void  space  in 
interior,  which,  if  it  were  noj  fillt-d  u]»  with  f«ther  ijnioous  matter.  w« 
)h;  folkiwed  by  Hubsequent  Finkinf;:.^!  and  didocAtiou?  of  the  rock?  ove 
A^  a  matt*'r  ctf  fad,  however,  y»roved  distinctly  in  many  case?  in  the  coi 
of  the  Girological  Survey  of  the  United  Kingdom,  masse?  of  iirneou?  r> 
wb*.'lh*?r  con  tern]  loraneous  with  the  }»ed?  in  which  they  lie,  or  su 
♦jij»*ntly  intrudt^l  into  them,  existed  there  before  the  ciccurrence  of 
fault>i,  and  liave  Ix^n  traversed  bv  those  fault*,  and  *•  throT^Ti"  bv  th 
jiM  HM  much  aF  the  aquec»U6  rocks  ^ith  which  they  are  assoi!iated. 
are  thi'ise  ii(tie<mn  rcxrks  affected  by  the  faults  only,  but  in  many  case> 
till*  MinU/rtioHH  alsTi  lK>th  on  a  large  and  small  scale,  so  as  to  prove  that 
couturtioii  did  uot  commence  till  after  the  igneous  rock  was  consoLdai 

*  Tram.  Comb.  PkU.  Soc  roL  tL  p.  I. 
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now  eKBOined  thne  Unda  of  diTirional  planea  tnveniiig 
we,  namelj,  which  we  might  call  eonfftnital,  at  plann  ei 
D  and  ftntificatioii ;  thoM  which  aie  neceaaarilf  n*uUcuU  on 
ion  or  joint  plum  ;  and  thoM  which  we  may  Unn  aeeidenttd, 
Hilts.  There  is 
ler  kind  to  be 
.  which  we  ina;r 
JpUneaof 

and  these  are 
"  cleBTBge  "  and 


)nie    trap    rocke.  Inelrn  blgb,  from  Deriri  aim,  County  Wicklow.    The 

exists  it   ia   al-  "oibP'xI  borlionUl  budg  ut  Che  Indi,  Uie  flna  per- 

j    .    ■      .V  pendlcnUr  etriie  In  front  ere  the  clemc*  pUMe,  Itaa 

■  perfect  in   the  ^^^    „^   ^^    j^,   d«kened   .We   menlr   npneort 

ned  TOcka,  split-  ijkadiw,  ud  moit  not  iK  taken  tor  ptuee  of  diTlilon  tn 

1  into  an  inde6-  ">e  nek  like  thoee  Id  the  ftunt  whlcS  do  not  pw 

*rofthinleaTe8  ttroagh  the  wWu  bud.. 

perfeetlf  smooth  and  parallel  to  each  oilier.     The  coaiaer  the 


-Ifcll 


f-;:  tiJ^:! 


rrcJEk  ds  ^*'"'*'^  dbs  wnier  a^Bct^ sai  tbs  huieb  rofogb.  end  iiTCgii]tt,dA  < 
^i»  ifesnusp  pdanw  bwennB.  In.  F%.  93  »  ahowA  m  Uo^  of  ilate  €» 
4^ftniy  ,i£  jtunwiiTiiTiiw  'if  tins  dihsIk  umI  nJBfccr  ^'■■»yi*  green  n& 
^vhitiak  bwK  wiiuk  hnre  Imsl  pm^BEBd  ami  cmmpled.  Hie  fias 
^rainwi  jok  dncJBu-  ^nxis  an  ps&edT-  desved  bj  plana  eotliig 
liTKdr  loom  'imBL  Tmrnllrf  to  xbA  «iKfc  nie  of  the  bkck,  wlikk  ■ 
inif  \  iiKra^p  piKW.  wnilft  t&s  caaaa  parte  shoir  kai  teadoMy  ti 
9ut  in  dnr  'iixBBExini.  «BDispfc  M  widec  izxegolar  hitaTd& 

"du-  '^iuerm^  xnasf  'S&bc  ^wmriifp  witii  Ac  ongmal  lanrimtinB  tf 
:iKi>  :diue.  vir  >:nr  jbeob  it  ac  anr  annik.     Wfaen.  xfe  cnti  waom  the  M> 
■H"ir  vJt  ^jiFt  3MBk»  rfiw  .■■iyfwmi  TaififnaJifm .  or  tsMdcncr  to  nlik  ilflV 
di»  pianua  Jlr  ianmatxiau  ia  {jjomBaQr  abRfrrafydy  ^e  Ui«;»fca»  bciag^M 
it:  ^vttOL  wriuHiL  auq^eaiiBii     This  ceniattaBan.  of  tibe  "^^^^^ 
3.  our  .^aitB  orranabbr  t^  laab     I  Itaive  oust  witli  aft  least  one  i 
^i9»  ditf  zonk,  an  immiafieii  afaala*  spQs  aa  readilj  along  the  oopiil 
juniiufttiuiL  AF  iLunir  die  dJwva^a  planea,  and  was  thiu  wim#«<l  iato  | 
ii>iur»  3t^.tli«-4]]ip«hi  ^iiioIiB  of  iliifie.*  1 

TixuLeT^ratf   ^it^rnui!   in  fiuiiLiCunii  nsoally  diridei  the  rock  into   \ 
TJ\u?^  -iiubii  J1lI*^  "iitf  iDiwr  jzul  oziiiifr  «iirf.k^s  of  the  sandstone  oftoi  \ 
jrvokinu  Jicu  U'li^'xjochjed  TittfTTBirTrnft     Li  cnrenxng  conglomeiata^   : 
-^e  :iutirai^  pLme:»  leani  die  p«bbLt»  aani'ir-c  oat  in  relief,  and  do  nol  ! 
-:uc  'dirni;:*!  tiiem  itf  juinc  puines  do-f     Qeaired  limestone  geneially 
'2iMi  ^e  .'Earniu  '}«MiLn^  zrcttcLy  oblisdruiid  and  obecnred  ;  the  datei 
wiiL'Ii  :c  i-mtf  m  "iiirk   inai  oneTifn.  ind  iheir  sar£Mes  often  coated 
T:y  irrritoTtwug  dlnu*..  :H]im!Cmet»  ^t^ii^  to  cne  dearage  the  exact  1^   { 
ptforuunf  <jf  ■'»*«t»?-Tr      Amiimj  cnp  ?:«:k5»  some  very  fine-grained  fA'   \ 
5C*:njd5  ir^  jctsudcnally  iJij«:ced  by  clearaee.  and  fine-grained  tnppen    • 

Li  pikflKZ;^:  iiLrf:ix;£tL  beds  of  'liif-srent  textnre,  the  clearage  planei 
ctf:c=.  Tiry  :leir  intde  a  Hcile.  LLvin^  a  tendency  to  cat  more  peipen- 
•ii*:::LLrIy  icn:i»  :hit  coazver  ;Kir  the  finer  grained  beds.  When  the 
incIiiLiciun  of  ^e  dcarige  pLine^  and  thas  of  the  original  planes  of 
UmiTiArion  be^me  nearlv  coincident  in  any  localitr,  thev  sometimei 
api>ear  o  ccincide  entirvlr.  &s  if  the  cleavage  went  a  little  out  of  its 
ViT,  aa  it  were,  to  coincide  with  the  bedding. 

The  fine;3t  and  largest  rc<*fing  slates  seem  to  be  those  of  a  blnishf 
jrr«T,  or  pale-green  colour.  Where  they  become  either  very  red  or  quite 
black,  they  are  more  brittle,  and  more  readily  decompose,  owing  pro- 
liably  to  the  presence  of  peroxide  of  iron  in  the  one,  and  carbonaceoos 

t  lYr^Teiw^  8e4gvick. 

I  'riil«  ia  tlw  eiM  with  the  feUpalhlc  porpbyiy  uid  ubes  bmu*  the  sammit  of  BBowdtfi 
«•  n0iu-ri\itu\  nod  flgund  hj  ProfeMor  BamMy  in  hia  Memoir  on  Nortii  WalM  (Mm.  GcfL 
ftMrn.  vfil.  111.  p.  ISO) ;  and  I  have  teen  beantiftil  apecimene  of  feUtoa*-eIate  in  Comtj 
Waf«rf»rif. 
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in  tlie  otlier.    Bandi  of  odour,  raeh  at  Mat  zed,  green,  white, 

gE«j,  may  ■ometimeB  be  obaenred  on  the  tides  of  slates,  ofteia  coin- 

with  ali^t  changes  of  gndn  or  texture.    These,  which  are  called 

pm  *  alzipe "  ci  the  date  1^  Professor  Sedgwick,  mark  its  original 

The  hands  in  the  block,  whioh  is  figored  in  Fig.  83, 
this  ^  stripe  "  Yesrj  well.    Irr^^ular  blotches,  however,  of  different 
oecasionallj  ooenr  ;  and  sometimes  even  pretty  regular  broad 
of  colour  are  to  be  seen,  which  do  not  coincide  with  the  bedding, 
bat  go  aometimea  directly  acroas  it,  as  proved  by  beds  of  sandstone 

with  the  Biite.  CSsre  must  be  taken,  therefore,  in  field 
not  to  rely  too  implicitly  on  mere  bands  of  colour  in  slate 
imless  they  coincide  with  bands  of  various  texture — that  is, 
i^HB  of  finer  and  coarser  grain,  which  may  always  be  trusted  to  show 
Kb  ^"^fl^J  '^  layeia  of  deposition  "  in  the  rock. 

l>lwtfUon  of  doavage  Flaaee. — ^The  direction  of  cleavage  planes  is 
■Deiallj  constant  over  considerable  areas,  retaining  the  same  compass 
IBBriBg  through  whole  mountain  chains,  or  across  large  countries, 
pajing  any  regard  to  the  contortions  and  convolutions  of  the 
One  of  the  best  examples  of  this  steady  direction  in  the  strike 
of  the  cleavage  planes  is  the  south  of  Ireland,  over  the  whole  of  which, 
Dublin  to  the  Mizen  Head  and  the  Dingle  Promontory,  the  direc- 
of  the  cleavage  seldom  varies  10°  from  East  25°  North,  whatever 
it  traverses,  and  however  different  these  rocks  may  be  in  litho- 
logieai  character  and  geological  age.  A  few  local  exceptions,  in  which 
fte  cleavage  had  a  strike  to  the  south  of  east  and  west  of  north,  have, 
however,  lately  been  observed. 

This  steady  direction  generally  coincides  with  that  of  the  main 
or  axes  of  elevation  and  disturbance  which  traverse  the  district, 
consequently  with  the  ^  strike  "  of  the  beds. 


In  North  Wales  the  strike  of  the  cleavage  in  the  Snowdon  chain  is  generally 

9JL  md  8.W.,  dipping  sometimes  to  the  N.W.  and  sometimes  to  the  S.E.  at 

Uali  tiglt^  (see  Fig.  84).    Fig.  84  is  taken  from  one  in  Phillips'  Report  on  Cleavage, 

hi  th«  J^rooeediugs  of  ike  BrUuh  Astodation  for  1856,  heing  an  extension  of  one 

■nvioody  given  bj  Professor  Sedgwick,  ninning  N.W.  and  S.E.  through  the 

Snowdon  Chain  ;  the  spectator  looking  N.E.    In  this  section,  the  beds  cec  are 

cuBgkwuCTates,  the  other  beds  being  parallel  to  them,  and  the  fine  strie  are  cleavage 

fines  striking  with  the  beds  to  the  N.E.,  bat  cutting  them  across  in  the  direction 

«f  the  dip ;  for  while  the  beds  undulate  at  various  angles,  the  cleavage  dips  N.W. 

at  80*  or  86''  from  AtoB ;  aE.  at  80''  to  85''  from  B  to  C ;  and  80''  to  the  N.W. 

fnm  C  to  D.     In  the  Berwyn  chain,  where  the  beds  curve  regularl  j  round,  from 

sHX  end  SwW.  strike  along  the  Bala  and  Corwen  valley,  to  an  East  and  West 

ibike  along  the  vale  of  Llangollen,  the  strike  of  the  cleavage  follows  with  equal 

ngnkiitr,  the  cleavage  planes  dipping  W.  20<'  N.  at  30''  in  the  country  between 

Bds  end  Lbuigynaog,  curving  round  as  they  approach  Corwen,  and  striking 

^thar  doe  K.  and  W.,  or  £.  b""  N.  and  W.S"  &,  on  both  sides  of  the  Dee,  between 

Gorven  and  Uangollen,  with  a  dip  almost  invariably  to  the  north  at  a  high  angle. 

In  a  km  oUad  Moel  Faen,  between  UangoUen  sod  the  head  of  the  vale  of 


Clwjd,  Dear  Bwlch  Rhiwtelim,  ths  I 


tdi  am  lient  Into  ■  lynclinal  en 
dip  north  on  the  louth  eid 
on  the  north  "ide  of  the  hil 
deange  prenerres  iU  itearl 
Dorth  at  about  60'.  The 
it,  that  when  the  dip  of  t 
that  of  ths  cleaviKC  cobcii 
malcH  idinirable  Bugs,  whic 
qiuuried  ;  while  on  the  othe 
the  clesnge  croisen  the  l> 
is  produced  and  qoarried 
purpoBBs. 

J  The  Inclination    of   clei 

Tariei  from  the  perpendicu 
9  a  tew  degTM)  of  the  horiioi 
I  no  apparcat  reference  to  tl 
•■  beda,  Hr.  Sharpe  gim 
S  W.N.W.,  Bi  the  dip  of  the 
I  the  TinlaBel  aUte  in  Comn 
I  the  head  ot  Bantry  Bay. 
^   planes  are  in  some  pUoes  . 


\i 


1 1 
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S   g  Professor  Sedgwick  v 

*  'S  to  Hyateiiiati<;aUy  ol'wn 
-|  scribe  the  phenomena 
~  cleavage."  In  the  ih 
^  pilblicAtiona  mentioned 
I  givea  the  fullawiug  as 
"  at  which  he  hod  arrived 
I  "  Ist,  That   the  etr 

I  cleavage  planes,  when 
S  well  develo^ied,  and  past 
g  well-detined  mountain 
^  nearly  coincident  with 
of  tlie  beds, 

"  2d,  That    the    dij 
phmes  [whether  in  quanti 
tion)  was  not  regululed 
^  of  the  beds,  inasmuch  ai 

-J  age  planes  would  often 

changed,  while  they  pas* 
beds  that  changed  their 
dip  or  were  cootorted. 
"  3d,  That  where  the  featuree  of  thecountry  or  theatrikf 

■  Hli  obMr?«Uon«  win  be  Tivni  In  Ihr  Traiuiadiomi  nf  thr  Gmlonlcai  Sort 
'■TlniSlrutlort  or  largo  Minenil  Mmspi^"  md  aJio  in  hl» /alrodiiKHm  lo  o, 
ArllM  AiAHwig  Acte  Sd  haiileiilu,  p.  81. 
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the  strike  of  the  cleavage  became  also  iU  defined,  so  as 
inclined  to  the  strike  of  the  beds  at  a  considerable 

,  that  in  aU  cases  where  the  cleavage  planes  were 
mong  the  finer  slate  rocks,  they  had  produced  a  new 
be  minutest  particles  of  the  bed  through  which  they 

lavafi^e. — One  of  the  most  striking  effects  of  cleavage 
it  produces  on  fossils  or  other  small  bodies  embedded 
^'thening  and  pulling  them,  as  it  were,  in  the  direction 
nd  contracting  them  in  the  opposite  direction.  Relying 
lich  were  first  distinctly  noticed  by  Professor  Phillips, 
juted  the  production  of  cleavage  to  the  action  of  great 
Sfion  squeezing  the  particles  of  rock  in  one  direction, 
them  in  the  opposite.*  Mr.  Darwin,  also,  from  his 
outh  America,  formed  similar  ideas  as  to  the  origin  of 
aks  of  cleavage  planes  as  being  probably  parts  of  great 
arge  radius  as  that  any  portions  of  them  that  can  be 
'  aj)pear  to  be  straight.  More  recently,  Mr.  Sorby, 
:t  that  beds  of  sandstone  which  occur  in  slate  are  con- 
thickness  contracted  at  the  sides  and  expanded  at  the 
of  the  curves,  the  axes  of  which  curves  coincide  in 
e  cleavage  planes,  while  the  beds  of  slate  above  the 
le  if  at  all  bent,  maintains  that  the  particles  of  the 
Ijeen  compressed  at  right  angles  to  the  cleavage  planes, 
\long  them,  so  as  to  allow  of  their  being  squeezed 
:>ntracted  space  as  the  contorted  sandstones,  without 
their  own  bedding  planes,  f 

»ical  examination,  Mr.  Sorby  found  that  the  minute 
-slate  were  either  lengthened  in  the  direction  of  the 
)r  that  those  minute  particles,  which  were  of  unequal 
so  re-arranged  as  that  their  longer  dimensions  coin- 
lanes  of  the  cleavage.  He  did  not  suppose  that  the 
liarly  shaped  particles  was  necessary  to  the  production 
lerely  used  them  as  tests  to  show  that  the  particles  had 
by  the  action  of  the  pressure  to  which  he  attributed 
r.  Tyndall  subsequently  investigated  the  subject,  and 
slaty  cleavage  artificially,  in  clay  and  white  wax,  and 
by  J<u>)jecting  them  to  pressure  under  conditions  which 
expansion  in  directions  at  right  angles  to  the  pressureJt 

I  Geological  Society,  vol.  Ill  p.  87. 

thical  Journal,  1863,  vol.  Iv.,  p.  137  ;  and  LyeU'a  EUmenU,  «th  edition, 

riven  in  the  Philosophical  Ma^cuine,  vol  tU.,  tnd  In  a  lecture  to  tVie 
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Professor  Sedgwick  at  one  time  thought  that  he  could  pei 
tendency  to  a  symmetrical  arrangement  of  the  inclination  of  th< 
of  cleavage  with  respect  to  the  axes  of  lines  of  elevation,  the  di] 
cleavage  being  inwards  on  each  side  of  the  mountain  ranges.  £ 
¥rards,  however,  saw  reason  to  abandon  this  conclusion.  Mr. 
speaks  of  the  fan-like  arrangements  of  the  cleavage  planes  whi 
been  described  by  Von  Buch,  Studer,  and  others  ;  and  Mr.  Sha 
that  this  apparent  fan-like  arrangement  is  due  to  parts  of  two  coi 
.  curves  meeting  where  their  adjacent  sides  become  perpendicula 

The  prevailing  opinion  now  among  those  natural  philoso] 
whom,  of  course,  geologists  must  look  as'authorities,  is  thi 
Cleavage  is  the  result  of  the  mechanical  forces  that  have  acted  i 
crust  of  the  earth.  Mechanical  force  and  chemical  action,  1 
are  often  so  intimately  connected,  that  the  latter  may  often  hav< 
panied  or  followed  the  former  in  this  as  in  other  cases. 

Time  of  Froduotion  of  Cleavage. — Slate  occurs  chiefly  in 
to  mountain  chains,  or  places  which  have  the  structure  if  not  the 
of  mountains,  and  is  found  in  all  parts  of  the  world,  and  in  foi 
of  all  geological  age.  In  the  British  Islands,  indeed,  slate  i 
almost  solely  in  the  PalsBozoic  rocks,  but  the  Andes  of  Chill  an 
del  Fuego  contain  clay-slate  of  Cretaceous  age,  and  the  black  t 
Qlarus  in  Switzerland,  which  are  formed  by  as  true  a  slaty  de 
any  in  Wales,  are  of  still  more  recent  date. 

Surface  Disturbance  of  Cleavage  Planes. — The  dip  of  the 
may  be  easily  mistaken,  unless  it  be  observed  in  deep  exci 
Superficial  causes  have  frequently  affected  and  sometimes  co] 
inverted  it  to  very  considerable  depths,  as  shown  in  Fig.  85,  a 
to  a  much  greater  extent  than  is  there  delineated. 

When  these  superficial  bendings  of  slate  occur  on  steeply 
ground,  they  may  perhaps  be  referred  to  the  action  of  graviti 
substances  loosened  by  weathering,  or  the  "  weight  of  the  hi] 
has  been  called.  In  other  cases,  their  origin  is  more  obscur 
have  seen,  at  least,  one  instance  in  North  Wales,  w^here,  on  1 
zontal  surface  of  an  isolated  boss  of  rock,  the  slates  were  so  sha 
abruptly  bent  back  and  laid  nearly  flat,  and  partly  consolidatec 
position,  as  to  give  the  idea  of  its  being  due  to  some  sudden  a] 

Boyil  Institution,  since  published  in  the  appendix  to  his  work  on  The  Gladert  o. 
In  a  paper  in  the  same  yolnme  of  the  Philoaophical  Magazine  Professor  Hai 
deduced  mathematically  a  yalue  for  the  compression  of  the  rocks,  fh>m  ezai 
amount  of  distortion  suffered  by  fossils  in  some  particular  instances  in  consequ^ 
compression. 

*  We  must  refer  the  reader  to  his  papers  on  this  subject,  in  the  third  and  fif 
of  the  Journal  cif  (ke  Gtoloifical  Society  before  quoted,  and  in  the  PhUoaophieal  T 
for  1853.  In  the  Proceedinifi  cf  the  British  Auoeiation  for  1856  will  be  found  th 
of  a  Report  by  Profetsor  Phillipt  on  this  sul^ject. 


CLUrACa  AKD  IDLUIIOK. 


Kb  H  tlw  gmmdiBg  d  n  ieebeig.*     I  lura  more  ktelj  ob- 
ii  Devondiin,  when  it  bu  been  nuicb  noted  by  Sir  H.  De  Ik 


,  in  one  or  two  pkcea  the  upper  part  ot  tome  elates  tbas  abrnptljr 
«ck  into  a  bomontol  position  for  a  depth  of  Bereral  feet  from  the 
i.  The;  were  tklnajs  bent  down  the  hill,  but  the  slope  of  the 
I  was  not  steep.  Neither  is  there  any  constancy  in  the  direction 
snt&ce  beDding  of  sla[«s,  as  has  been  recently  asserted,  for  in  a 
excursion  in  Sonth  Devon  I  saw  ds  many  cases  of  the  slates 
superficially  bent  t«  the  north  down  a  hill,  the  slope  of  which 
dined  in  that  direction,  as  in  anj  other. 

Foliation, 
e  technical  meaning  of  this  t«mi,  originally  suggested  by  Pro- 
Sedgwick  in  his  paper  on  the  "  Mineial  Structure  of  Large 
I,"  before  referred  to,  and  since  adopted  by  Mr.  Barwin  in  his 
t  on  the  "Geology  of  South  America,"  is  a  "  separation  into  crys- 
layers  of  different  mineral  composition,"  while  clearage  means 
"  tendency  to  split"  in  a  mass  of  the  same  composition.  Folia- 
owcver,  even  when  it  coincides  with  the  original  lamination  of  a 
nevertheless  a  superinduced  stmcture. 

examining  a  spedmen  of  a  true  schist  or  foliated  rock,  and  com- 
it  with  one  of  shale  made  of  the  same  materials,  arranged  in 
t  merely  by  the  act  of  depodtion,  the  difference  is  at  once  per^ 
M,  although  it  is  not  easUy  described  in  words.     In  mica-^chist 

tbsnt  iBUadtog  to  iiiip«cb  tha  atcanej  of  anr  ncoidAdobMrTMbMU,  I  M  euiDOt 
•  thrt  mimj  «na  atmjomi  nglatand  otaanMlow  on  nlMnc*  b  dlEbnnt  lockll- 
'  Mt  b*  Mtetsd  bf  sRtrn  or  Ub  kisdi  lOoilad  to  ator*. 
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the  mica  occnis  not  in  Email  distinct  spangles,  but  in  contia 
with  an  unbroken  niicaceoiu  luetre  and  etructuT«  over  ih 
£ace  of  the  layer. 

In  gneisB  the  rock  has  a  firmer  texture,  and  a  moi 
upect.  SonietimeB  even  large  distinct  crystals  of  one  or  c 
traverse  the  lolia,  and  occasionally  the  foliation  is  more  t 
and  obliterated  by  the  further  development  of  the  cryHlaJl: 
ProfeawT  Sedgwitk  is  of  opinion  that  the  foliation  usui 
with  tlie  cleavage,  and  b  merely  a  further  development 
process,  an  opinion  in  which  he  is  supported  by  Mr.  Dut 
late  Mr.  Shorpe.  In  speaking  of  cleavage,  he  says  that  I 
the  cleavage  lominm  "  are  coated  over  with  chlorite  and  sei 
matter,  which  not  merely  define  the  planes  in  question, 
parallel  flakes  through  the  whole  mass  of  the  rock." 

ifr.  Darvin't  Obttrmtioni  on  thf  Folialion  o/S.  Ameriea. — H 
some  eicellent  noiBrki  upon  tbi>  iubjeet.  He  uya  (p.  163)—"  ' 
cleivBgv  lamiua;  in  the  dny-slBte  of  Tiem  del  Fuego,  whfii  seen  t 
thraugh  thu  [ilojies  of  BtnitiG;»tion,  diffeiing  sliglitly  in  colour,  tex 
new,  ippeara  to  me  lerj  interesting."  He  obBerved  is  Chili,  "  sol 
Uyen  of  epidota,  parallel  to  the  highly  inclined  cle«»agB  of  the  ni; 
goes  on  to  remuk,  with  respect  to  the  folislian,  "s«  in  the  case  of  d 
the  folia  preserve  over  very  large  areas  ■  nuiform  strike,  thus  Uu 
for  I  distance  of  300  miles  in  Venezuela,  aad  indeed  over  a  muc 
gneiss,  granite,  mica,  and  clnj-alate,  striking  lery  uniformly  N,E. 
dipping  St  sn  angle  of  between  60'  snd  70°  to  N.W., — it  would  ev 
the  facia  given  in  this  chapter,  that  the  metantorphie  rocks  throug 
eastern  port^  of  South  America  are  peucrally  foliated  within  two 
and  B.W.  Over  the  esstem  [larta  of  Binda  Oriental,  the  fDliatioii 
high  inclination  very  uniformly  N.N.E.  to  3.S.W.,  and  over  the  » 
a  W.  hy  N.  and  E.  hy  S.  line.  For  a  space  of  SOf)  miles  on  th< 
Chonos  nnd  Chiloe  Islands,  the  foliation  seldom  deviates  more  thai 
compass,  from  a  N,  IB"  W.,  nnd  S,  19"  E.,  strike."  He  theu  pru 
that  the  angle  of  the  dip  in  the  foliated  rocks  b  generally  high,  but 
times  on  one,  sometimes  on  the  other  side  of  the  line  of  strike, 
vetticnl,  and  adds^ 

"  On  the  Hanks  of  the  mountain.s,  both  in  Tierra  del  Fuego  and 
I  have  observed  that  the  cleavage  planes  frequently  dip  at  a  high 
and  this  was  long  ago  iilwerveil  hy  Von  Buch  tu  be  the  case  in  Non 
perhaps  analogous  to  the  folded  fan-like  or  radiating  structure  in  tl 
■cbisls  of  Uie  A\\K,t  In  whieh  the  folia  in  the  central  cretts  are  > 
the  two  flanks  inclined  inwards.  Where  masses  of  fissile  and  folif 
nate  together,  the  cleavage  and  foliation,  in  all  coses  which  I  have  se 
Where,  in  one  district,  the  rocks  are  flsslle,  and  in  another  adjoiui 
are  foliated,  the  planes  of  cleavage  and  foliation  ore  likewise  gener 

He  sums  up  bis  observations  as  follows  ; — "  Seeing,  then,  that 
indisputably  are  sonietimes  produced  by  the  metamorphosis  of  hou 
rocks  ;  seeing  that  foliation  and  cleavage  are  so  closely  aualO(-ous 


'  In  tbe  liith  chsple 


Dlliia  Grolcfital  ObnTVBHoni  Dt  Sonlh  Anni 
I  Xitn.  Swt  Phil.  Joum^,  vol  xiUI.,  p.  lU. 
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iadpiant  niMnlocieil  chngM  ilMig  ths  dUbm  of  tbair  olMnge,  ud  that 
Mda  via  •  llMllt  (tmetiiTe  altHUt*  iritli  and  put  Into  wtotlM  witb  a 
d  •bietn^  I  taaoot  donM  tkat  is  moat  oaaa  (bllatian  and  el«ane«  an 
if  tba  WDB  jiiMiM  ;  in  olaaTage  than  bting  anlj  an  Indplent  upanUon  of 
Htitwnt  ninaraK  in  (Uiathni  a  mnoli  iDu*  complsta  Mpaiation  md  oiTital- 
a."*  Hr.  DanriB  altorwatd*  Menu  Indinsd  to  rafer  aome  of  the  apparent 
mUob  of  mctamarpbie  tdilili^  or  their  lepaistion  Into  altomsUiig  bode  of 
It  mianl  •ompadHoii,  to  a  atm  fnrther  deralopmant  of  the  (allying  pro* 
hoi^  h^  of  conra^  doea  not  azteDd  thi*  ao  far  ta  to  inclndB  tha  ^odoMioB 
idc  b«da  cf  marbi^"  w  othar  diatinet  took. 

Uhnoott  bstwoat  daftvacs  and  Fdlktion. — It  would  be 
nuJktttd  cUndeoce  that  I  should  Tcnttue  to  diflbr  from  aoch  a 
ntbori^  M  Ut.  Drtui,  more  Mpeciall]r  on  a  point  in  which  he 
iwith  mj  own  old  nuwter  and  teacher  Prafeeaot  Sedgwick.  I  may 
rcr,  perhAjw,  be  allowed  to  raggest  the  pooibilily  that  the  eonneo- 
wtweco  deavage  and  foliation,  in  nich  cases  aa  those  mentiraied 
r.  Duwin,  nu^  be  a  proof  of  their  coincidence  tather  than  of 


oGatbn  of  mIea-Kblat,  oolneldcnt  with  bedding.    ATdmunock,  Loch  Fjni. 

Bkatehad  b;  Ur.  Oelkle. 
■u  viTj  Itna  ihinr  the  fbltitlon  of  the  Khiit,  ud  tbg  thicker  whita  budi  Ira 
{rejwacka  tnterrtntined  vlth  the  Khiit.  lad  pnTing  that  the  oilgltii]  bedding  ot 
a  asd  tlM  aBparlidaead  foUitiOD  coincide  in  dlreoUon. 

dentity.  If  rocks  already  cleB-red  are  acted  upon  by  any  agency 
g  to  metamorphose  them,  and  rearrange  their  partideB  in  separate 
bat  learrangement  may  in  some  cases  take  place  along  the  deav- 
mes,  and  in  others  along  those  of  original  Iaminaldon.t     It  may 
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9;  Tha  taifBtemoM  appeanmee  inonues  u  we  tpprcMidi  the  gnmite^  till  at 
Km  wkde  atiumw  tbe  otdiiuiTj  ohaneter  of  ndcMchiit  The  imall  inter- 
led  benda  of  ailioeoaa  grit,  however,  ahow  no  more  appearance  of  cryatalliia- 
r  micaciaation,  eren  when  in  contact  with  the  granite^  than  they  do  at  a  dis- 
cf  two  or  three  milea  from  it»  although  the  grey  alates  interstratifled  with 
mgf  be  ooDTerted  into  the  moat  flittering  ailveiy  micapechiat.  Together  with 
lieaoeoiia  Inatre  on  the  anifiuse  of  the  alatea,  the  rocka  often  asinme  the 
lid  and  oormgated  teztnre  of  mica-achiit  I  at  one  time  thon^^t  that  thia 
ptkm  might  1^  dne  to  metamotphiam,  lilce  the  foliation,  till  I  found  that 
MS  handa  of  unaltered  aOSoeoua  grit  were  often  equally  corrugated.  The 
iBag^  then,  nmat  he  aiciibed  aimply  to  a  mechanical  force  comprearing  the 
latsaUy.  In  the  great  minority  of  inatances,  the  folia  of  the  micapadiiat» 
Mr  itm^t  or  puckered,  are  certainly  parallel  to  the  grit  bands,  and  there- 
D  tha  original  lamination  and  ttratifiattion  of  the  rock. 
MM  of  the  gneiaaoae  heda  about  Polmonnty,  near  New  Roes,  had  all  the' 
laoa  of  interatratifled  beds  of  shale  and  sandstone  at  a  distance,  and  until 
mn  broken  open  and  found  to  he  perfect  mica-echist  and  gneiaa.  Other 
Hse  heda  were  masaife  and  thick-bedded,  and  contained  large  crystala  of 
■r  (ipparently  orthoclaae)  becoming  quite  porphyritic,  but  still  haTing  a  fdia^ 
MnM  to  what  ia  apparently  the  or^^al  stratification  of  the  mass,  which  in 
ompicttous  instance  (near  Oraiguenamanagh)  is  nearly  horizontaL*  In  this 
HBt,  then,  the  foliation  was  dearly  developed  along  the  lamination  of  the 
^  snd  had  only  an  occasional  and  accidental  coincidence  with  the  deavage* 
dity  deavage  was  observed  in  the  clay-slates  immediately  outside  of  the 
Borphosed  bond  in  one  or  two  places,  without  showing  any  appearance  of 
tion ;  and  not  differing  from  the  slaty  cleavage  seen  at  a  distance  frx>m  the 
ita. 

Vdutkm  of  Anglesey, — The  8d  vol.  of  the  Memoin  of  the  Oedogieal 
Mf  eoBtains  a  memoir  on  North  Wales,  by  Professor  Ramsay,  in  which 
■tideiit  will  find  some  interesting  "Observations  on  the  Metamorphism  of 
Soeki  of  Anglesey,  "t  He  points  out,  as  Mr.  Sorby  had  previously  done, 
^  the  foliation  may  also  coincide  with  the  "oblique  lamination"  or  "false 
^^  of  a  rock,  and  thus  appear  to  cross  the  planes  of  stratification  and 
t  lot  be  coincident  with  any  previous  cleavage.  He  also  describes  and 
^  iUutrative  sketches  of  the  many  curious  contortions  in  the  rocks  of 
^i^r.tnd  their  relations  to  tiie  foliation  of  the  metamorphosed  rocks,  showing 
[^iti*  often  difficult,  if  not  impossible,  to  determine  these  relations  with  any- 
5  lib  certainty.  "  Stratification,  foliation,  and  cleavage,**  he  says,  "  are, 
^'^  III  snd  each  often  suffidently  distinct ;  but,  again,  they  are  sometimes 
2J»J>W,  or,  in  other  words,  it  is  diflicult  to  say  if  foliation  and  bedding 
*^  or  foliation  and  cleavage,  or  if  the  foliation  has  nothing  to  do  with 

^  itndent  must  always  bear  in  mind,  when  making  observations  on  cleaved 
"■^•ted  rocks,  or  in  reasoning  on  the  modes  in  which  these  structures  have 
*  Produced,  that  although  the  rocks  which  show  them  are  now  at  the  surface, 
2  ^  deeply  buried,  at  the  time  they  were  thus  affected,  under  a  thick  cover  of 
* 'hich  hsfl  since  been  removed.  There  is  one  curious  line  of  Inquiry  respect- 
1  Wiitioa  ind  cleavage,  which  is  hinted  at  by  Professor  Ramsay  in  the  passages 
IJ"  ^ewoiV  quoted  from  above,  and  that  is  the  various  geological  perlode  during 
*■  the  different  rocks  that  show  them  were  so  affected  as  to  have  these  struc- 
■•Mnced  in  them  in  different  places.    This  inquiry  cannot  be  followed  out 


*  Bee  KspUnation  of  Sbeeto  147  snd  167  of  the  Geological  Maps  of  Ireland. 
♦^<5»La«r».,vol.aL.p.  in,rt*ry.  I  Op.eiLfV'  IW. 


230 


H 


out  wiiidi  nivohfw 
OB,  oad  it  i»  < 


abmdedpr  of 


FuliaEdon  liw  been  nfexred  to  in  Urn  chxitier  k  1 
Tdi^ied  in  rockfi  snlmqiient  to  thftr  formgifff..  Z:  .r; 
unhr  in  mulanuirphic  distzictB.  and  v  inXzuiazeiT  s»:>cu: 
prooes  of  metamorpliism.  VThttt.  iht  lusarc-  of  ujl:  irx^ 
Le  treated  in  tlw  next  sectian  of  tluF  IfljomaL  asc  wt  ^Lj 
ooewian  to  recnr  to  the  mbjact  of  fnliaiinn,  and  iht  skii'rrs 
origin  if  to  "he  awailiKL 


CHAPTER  XL 


UirOOHFORMABILITr  AITD  OTXBLAP. 

eonlbniutbility  arues  from  a  earSace  of  ^  Denudation  **  *  having 
ft  formed  on  one  set  of  beds  l)efore  the  deposition  of  another  eet 
■I  them.  When  one  group  of  beds  rests  npon  the  denuded  edges  of 
Uier  group,  the  upper  is  said  to  be  unconformable  to  the  lower 
ftpL  In  most  cases  the  lower  group  has  been  tilted  before  the  edges 
iU  beds  were  ^  denuded,"  or  worn  away,  so  that  there  will  be  a 
tked  difference  in  the  **  lie "  of  the  two  sets  of  rocks.  The  com- 
nlj  received  idea  of  unconformabilitj  refers  solely  to  this  diffierence 
Iheir  **  lie,"  but  that  difference  is  not  essential,  since  two  unconform- 
e  sets  of  beds  may  both  remain  horizontal,  or  be  subsequently 
Ad,  so  that  both  may  dip  at  the  same  angle  in  the  same  direction* 
e  most  general  statement  of  what  constitutes  uncoiiformability  is — 
^  the  base  of  one  set  of  beds  rests  in  different  places  on  different 
rtt  of  another  set  of  beds,  the  two  are  unconformable  to  each  other. 

For  unconfonuabillty  to  arise,  then,  there  must  be  two  different 
ts  or  groups  of  beds  which  had  an  interval  between  their  periods  of 
Auction,  that  interval  being  marked  by  a  greater  or  less  denudation 
'  the  older  set.  Overlap,  on  the  other  hand,  takes  place  only  in  the 
>i&e  set  of  beds,  or  in  different  sets  of  the  same  conformable  series. 


Fig.  87. 
Simple  imconfonnability. 

la  Fig.  87  we  have  represented  one  of  the  simplest  cases  of  uncon- 
fcnnability,  in  which  the  lower  groups  of  beds  m  m  have  been  uptilted 
lad  denuded,  so  as  to  form  the  horizontal  surface  A  B,  on  which  the 

*  It  b  impoMlble  adequately  to  comprehend  wluit  in  implied  in  nnoonfonnabOltj  imleM 
ttt  iliidwt  bM  fonned  a  proper  notion  of  what  to  meant  by  denndakkm.    He  may  refer  for 
fctiOi  nfttdiac  tba  latter  ratiject  to  the  next  section  (on  Oeologieal  AgncieeX  where  it  is 
ta  leCntnee  to  the  cantea  by  which  it  baa  been  produced. 
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beds  X  X  have  been  deposited.  The  lower  set  of  beds,  however,  may 
have  had  their  edges  denuded  without  being  tilted  from^e  horixontal, 
or  at  all  events  having  so  close  an  approximation  to  horizontality  li 
the  time  of  the  deposition  of  the  superincumbent  beds,  that  no  sensibb 
difference  is  now  to  be  detected  in  the  '*  lie ''  of  the  two  groups  in  the 
places  where  they  are  exposed.     Fig.  88  will  serve  to  explain  this  caae, 


-^  V V       '         1  \     \    Ky        \    ^         \  V    V     '      '        »      »      •   tX 


Fig.  88. 

in  which  the  beds  m  m  still  remaining  horizontal  have  had  their  surface 
A  B  worn  in  some  places  into  hollows  and  cliffs,  in  or  against  which 
the  beds  X  X  have  been  deposited.  If  these  two  sets  of  beds  chance 
to  be  exposed  in  places  where  the  surface  A  B  happened  to  be  hori- 
zontal at  the  time  of  the  deposition  of  X  X,  as  in  the  parts  between 
A  C  or  D  B,  their  unconformability  may  not  be  at  first  perceived.  An 
example  of  this  case  was  found  in  the  South  Staffordshire  coalfield, 
where  the  beds  X  X  are  represented  by  the  Coal-measures,  and  the 
beds  m  m  hy  the  Silurian  rocks.*  It  is  necessary,  however,  if  the 
beds  remain  horizontal,  that  the  surface  of  the  lower  set  should  in  some 
places  be  inclined  ;  while,  if  the  beds  are  inclined,  the  surface  may  he 
horizontal,  or  may  cut  across  their  edges  at  any  angle  or  in  any 
direction. 

Cases  occur  of  apparent  unconformability  between  different  portions 
of  the  same  set  of  beds.  These  have  been  spoken  of  as  "Symon 
faults"  when  met  with  in  the  Coal-measures. t  I  believe,  however, 
that  these  are  larger  exam])les  of  what  I  have  already  described 
as  contemporaneous  erosioii  and  Jilling  vp,t  The  distinction  between 
them  and  true  unconformability  I  believe  to  be  this,  that  the 
surface  of  erosion  in  their  cases  was  produced  merely  by  local  currents 
in  the  water  in  which  the  beds  were  being  deposited,  while  for  tnie 
unconformability  it  is  essential  for  the  beds  to  be  lifted  into  dry  land, 
before  either  atmospheric,  or  even  marine  denudation  can  produce  a 
new  surface  on  them  generally,  for  the  sea  can  only  produce  such  an 
effect  by  its  breakers  acting  on  the  edge  of  a  dry  land. 

*  See  Mem.  qfGeol  Survey,  Geology  of  8.  Staff.  Coalfield,  2d  edit.  p.  80. 

t  One  excellent  ca«e,  in  the  Shropshire  coalfield,  has  been  described  by  Mr.  Prestwick 
in  the  5th  vol.  of  the  2d  series  of  the  Trans.  Oeol.  Soc.  Lond.^  and  again,  in  more  detail,  1>T 
Mr.  Scott  in  the  17th  vol.  of  the  Jounval  of  that  Society. 
t  Bee  ante,  p.  164. 
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•  tx  BonUi  of  iNlMtd.*— Tor  oompU- 
M  of  sMODfarauUUtjr  an  to  Iw  feond  In  lome  ptaon,  npecidlr  unong 
mkt.  In  1^  tooth  a<  Inlnnd,  te  bxtanoe,  than  ue  cam  in  which 
^Bw  Biluii^  bidn  rat  unconfbnnaUr  Ml  ths  dindad  edgn  erf  Uu  older 
hta  neki^  wtdla  tiMT  pntant  >  «ldel7  dmndad  mifkoe  for  the  raoeption  of  tha 
liBpuwiowiitVin.  nwetlikcwlMiMtonlTratimoonfoniuUronthBLower 
Im  tadi,  bat  an  tbmMalra  gratlrdiatnibed  and  dsnided,  an  that  we  have, 
ha  annll  ana,  fantb  nt  time  aanral  poiuda  et  the  elvraUon  of  •aa-formed 
■tato  diT  land,  nod  of  the  danodation  of  their  nufans  each  elantioli  having 
■tb  eibwna  length  of  placing  the  rac^  In  aoma  paita  tato  ths  Tertical  poaitian. 
t  89  1»  a  •BctiiMi  naw  Aahfori,  in  Conntf  Wl^ow,  ihowing  the  ni 


tovu  ot  Watarferd. 

10  b  one  of  almoat  inaDmenble  sketchet  that  might  h«  giTen  In  which  the 

Ut  mu7  of  the  followhig  eumples  tn  taken  from  Iridi  looall- 

Dt  (o  aoppoM  that  the  prlociplea  deduced  ■»  onl  j  applieabla  to 

a  Irtih  eaunplee  partly  from  »  nloolanea  to  tnapua  on  otlwr 

boTond  tba  Umlta  ot  the  domain  which  fortont  liai  Malgned  to 

jttun.    Ntuaarooi  aiampl«  maj  eaaUj  be  dedooad  from  the 

'  HcUone  of  Onat  BriUIn  and  othei  parta  of  the  world. 

and  dwcripUoii  of  nDOonfonnaWlltJ'  appear  to  hara  been 

atnong  the  pdiaoiolo  rocln  of  Bwtland.     Tha  atodaDt 

iMMl  the  daHle  accoimt  of  theae  naaarehea,  ■!*•&  by  plajfalr  Id  hii 

BnttOnlanthHirr.andlDUsbeiintinilUniafHntton.  (ITorbinri.tT.H 
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of  tbe  OU  Bed  q*n^f*t  to  tbe 
It  ■  from  a  ■ketch  bj  Mr.  Da  Noyv  of  tkt  clift  oppoAitttI 
of  Wacerfbrd,  im  whk^  the  Old  Bed  SandrtoM  wmj  bo 
iKiiMd  beib  tbat  eip  tkt  bOK  aod  iwt  vpoa  the  edgoe  of  bJ^y-acliMl! 
of  bfaw  elato  VT'"^"tf  to  the  Lower  (or  Cembfo)  SilvzieB  period. 

The  Ceiboaifamtti  ^■*'^^"*"  of  the  eovth  of  Ireland  it  ahriTi 
to  the  OU  Bed  SeaJetune  bdofw,  elthoo^  it  often  OTcrlape  it,  in 
tte  cumiiaiatifeir  fmall  area  within  which  the  Old  Bed  Sandstone 
the  Ckrboniftrooi  LiaMtone  bong  much  moce  widdj'  eirtcnded.    la 
■car  TaghmoBy  Coantr  Wexford,  a  patch  of  the  CkrboBiferovs  LiBMitoM 
dxTtetlr  OB  the  Cunbrien  rocks,  at  a  dirtaiwr  of  nine  milee  from  the  itBiahr  i 
the  CMiOBxfcroaa  Lintertone,  showing  that  the  Cambrian  had  there  been  ' 
of  the  whole  of  its  former  covering  <^  Lower  SUnrian,  and  that  the 
f  i^-.-t«.^^  spreHlxB^  beTOBd  the  limita  of  the  Old  Bed  Sandetone,  oaetil 
direedj  on  the  Cunbrian.   A  similar  occmrenoe  is  known  at  Hafodtp.neirr 
in  Xoith  Walea,  where  an  iaolated  patch  of  Garbonifcrooa  Limestone  leiti  oi  * 
lower  part  of  the  Upper  SQwian  ro^a,  at  a  distance  of  ten  miles  from ttii 
mass  of  the  Cubontferons  Limestone,  which  now  ends  in  an  abmpt 
600  feet  in  hci^t,  just  north  of  UangoDen.     These  two  cases  are  pnxA  dv^ 
the  snbseqncnt  denndation  or  removal  of  the  Garboniferons  Limestone  HmH,  i  ' 
we  mvit  bdieve  that  the  now  separated  portions  formed  originsUf  psili 
ooatinwKis  mass  of  limestone  that  coTcred  d&e  whole  saironnding  connttr.* 

In  the  foath  of  Ireland  we  maj  follow  the  boiiDdary  of  the  Ovbooifa^ 
Limestone  a»l  Old  Riid  Sandstone  throngh  the  counties  of  Kilkenny  sod  Gnk^ 
so  aif  to  lind  the  m>:?t»t  oonvinoing  proof  of  the  denudation  of  the  Lower  Stirif 
ri.ioks«  tfTvn  to  the  extent  cf  laying  barv  the  granite  which  lay  beneath  ^ 
before  tlie  «iepotfition  of  the  OUi  Red  San«L:tone,  and  of  the  subeequent  OTerhp 
the  Carbonifer.^i»  Limestone,  and  its  deposition  on  the  bare  granite  vithoot  ti 
interrvntion  of  any  other  formation. f  Fi^.  91  is  a  diagrammatic  section  taken  vrc 

jrteagkHai.    ,,^jf 


Section  fh>m  5.W.  to  S.E.  over  Frea^  Hill,  ISOO  feet  high. 
SL  Lower  Silunan. 
O.  R  S.  Old  Red  Sandstone. 
C.  L  Carboniferoos  Limestone. 

Freagh  Hill,  a  few  miles  north  of  Thomastown,  in  the  county  of  Kilkenny. 
Lower  Silurian  rocks,  marked  S  S,  were  tilted  and  contorted,  and  a  level  sni 
f'-^rmed  by  denodation  across  their  edges,  on  which  the  Old  Red  Sandstone 
deposited  unconfnrmabiy.  with  the  Carboniferous  Limestone  conformably  upo; 
Sahsei)uent  denudation  has  removed  the  Carboniferous  Limestone  from  all 
high  ground,  and  also  the  Old  Red  Sands^3ne,  except  one  or  two  patches  ol 


*  See  Sheets  74  N.W.  and  74  N.E.  of  the  Geohigical  Mai«  of  England  and  Wales, 
Sheet  160  of  IrehiBd. 

f  It  Is  nepwassiy,  la  order  to  explain  ftillj-  the  subject  we  are  descrR>ing,  to  tab 

<hat  the  stadeat  knows  what  the  Carboniferons  Limestone  and  Old  Red  Samli 

either  lete  to  their  description  as  given  ftuther  on,  or  return  to  this  chi 
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recent  dtmdatUn  has  weipoeed  in  pboee  tbe  old  tiuftoe  of  Lower 
iks  oawliiehtheOIdBedSeiftditooe  wesdepoeitedylHitithaseTeagoiie 
t,  for  tlMTalley  at  tbe  aoiiilireasfe  end  of  the  lection  hat  been  excavated 
er  Silurian  roeka  bj  that  rabaaqnent  denndation.  That  vallej  did  not 
!  time  the  Old  Bad  Sanditone  waa  deposited,  otherwise  it  wcradd  have 
with  ity  and  aoma  part»  at  leasts  osf  it  would  now  remain  there. 


CoUi^hiJl 


FifrM. 

to  east  thraoifh  Ooolioe  UU,  sad  aeross  the  Arrl^  biook,  BoarGlenpipe. 

O.  Omrite. 

B.  Lower  BOmlaa. 

O.  a  8.  Old  Red  Sandstone. 

;  is  a  diagrammatic  section  taken  a  few  miles  south  -of  Thomastown* 
knudation  that  had  acted  prsTiously  to  the  deposition  of  the  Old  Bed 
bad  laid  bare  a  portion  of  granite.  The  Lower  Silurian  looka  are 
7  granite  reins  in  the  neig^bouriiood,  and  are,  near  the  granite,  altered 
eUst.  The  Old  Bed  Sandstone,  on  the  other  hand,  rests  upon  the 
te  undisturbedly ;  it  is  quite  unaltered  by  that  rock,  and  is  obviously 
\j  of  granite  sand,  containing  occasionally  even  granite  pebbles,  though 
y  of  those  as  fragments  of  the  slate  rocks,  when  it  rests  upon  them. 
*  is  now  readily  decomposed  and  easily  crumbles  into  sand,  and  did  so 
quite  as  easily  at  the  time  the  Old  Bed  Sandstone  was  deposited  upon  it. 


V/eH 


East 


\tj\ji 


Pig.  OT. 
Section  from  west  to  east  in  Coonty  Csriow. 
O.  Onnite. 

O.  R  S.  Old  Red  Sanditone. 
C.  L  Carboniferous  Limestone. 

1  is  a  diagrammatic  section  representing  the  "  lie "  of  the  rocks  in 
rlow,  about  15  miles  north  of  Thomastown,  where  Oranite  and  Carbon- 
aestone  lie  side  by  side,  making  low  gently  undulating  ground,  largely 
ith  limestone  gravel,  which  has  been  omitted  in  the  diagram.  The 
lips  gently  from  the  granite,  but  is  quite  unaltered  by  it,  is  not  traversed 
ns  from  it,  and  was  evidently  deposited  in  the  sea  upon  a  bare  floor  of 
St  in  the  same  way  that  beds  might  now  be  deposited  upon  the  bare 
t  were  again  depressed  beneath  the  sea.  No  Old  Red  Sandstone  appears 
beneath  the  Carboniferous  Limestone,  as  it  gradually  thins  out^md 
as  we  proceed  north  from  Thomastown.  As,  however,  it  does  appear 
w  miles  to  the  westward,  some  has  been  introduced  into  the  diagram 
the  probable  mode  of  its  occurrence  in  that  direction. 
nfonnability  involves  tlie  Denudation  and  Snbmergnioe  of 
i. — ^From  what  has  now  been  said  it  appears  certain  tbat 
>n  implies  the  necessity  of  rock  being  lifted  into  dry  land, 
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while  the  deposition  of  an  unconformable  set  of  beds  npon  their  nev 
Burface  proves  their  subsequent  depression.  It  follows  that  there  mmt 
have  been  a  considerable  geological  interval  between  the  periods  of 
formation  of  sets  of  unconformable  beds,  and  that  we  may  expect  to 
discover  in  some  other  region  tlie  beds  which  were  deposited  doiiog 
this  interval,  and  perhaps  to  find  there  a  regular  conformity  throughout 

The  existence  of  dry  land  is  often  confirmed  by  some  curious 
independent  evidence,  as  in  the  case  of  the  granite  sand  and  fragmenti 
scattered  in  the  Carboniferous  limestone  of  Dublin,  the  most  probable 
cause  for  their  occurrence  being  tlieir  transport  in  the  roots  of  plant*, 
which,  growing  soniew^here  on  the  granite  land,  were  eventually  washed 
down  into  the  Carboniferous  Limestone  sea. 

Such  an  apparently  uninteresting  circumstance  as  the  relative  lie 
and  position  of  two  sets  of  rock,  thus  gives  us,  when  it  is  properly 
studied,  a  curious  and  unexpected  history. 

Praotioal  Ixnportanoe  of  the  Subject. — ^The  practical  importance  of  thk 
subject  is  only  just  now  beginning  to  be  appreciated.  Few  }>erson8  hare  uy 
idea  of  the  great  sums  of  money  that  have  been  wasted  in  coal-mining  alooi 
from  an  ignorance  of  the  principles  here  expounded.  Even  within  my  o«i 
personal  experience  I  have  become  aware  of  the  fruitless  expenditure  of  somii 
which,  if  capitalised,  would  afTonl  an  income  for  ever  that  would  go  far  to  pay  the 
present  annual  cost  of  H.  M.  Geological  Survey  of  the  United  Kingdom.  Within 
the  last  year  or  two  I  have  heard  of  costly  shafts  being  sunk  in  places  where,  if 
they  ever  pierce  the  Triassic  and  Permian  rt>cks,  they  will  find  the  Coal-measnrei 
have  already  been  removed,  and  will  come  down  to  some  fonnation  that  lies  below 
the  Coal-measures. 

On  the  occasion  of  the  meeting  of  the  British  Association  in  Birmingham,  in  the 
year  1865,  I  gave  au  evening  lecture  on  this  subject,  in  which  1  entered  especially 
on  the  examination  of  the  probable  position  and  extent  of  the  coalfield* 
that  lie  buried  beneath  the  New  Red  Sandstone,  and  Permian  districts  of 
the  British  Islands.  I  took  the  sections  which  have  been  publisheii  by  the 
Geological  Sun'ey,  and  connected  those  of  North  StaflFonlshire  and  Derbyshire  with 
those  that  cross  Flintshire  and  Derbyshire,  Shropshire,  South  Staffordshire,  and 
LeicesterNhire,  and  then  insertwl  several  hypothetical  cases  for  the  position  of  the 
Coal-measures,  and  the  lower  paheozoic  rocks  l)eneath  the  horizontal  cover  of  the 
Permiau  and  Triassic  rocks.  The  re«ult  was  sti*ongly  in  favour  of  the  hj'pothesi* 
which  supposes  that  the  Coal-measures  occur  beneath  those  formations  in  the  same 
way  that  they  do  where  they  are  not  covered  by  them  ;  not,  that  is  to  say,  in 
great  continuous  sheets,  but  in  isolated  coalfields,  separated  by  spaces  in  which 
lower  rocks  rise  up  to  the  base  of  the  superincumbent  formations.  Any  one  d 
sufficient  knowledge  and  experience,  who  studies  any  good  geological  map  of  the 
British  Islands,  must,  I  think,  arrive  at  this  conclusion,  that  the  surface  formed 
on  the  palaeozoic  rocks  is  of  high  geological  antiquity,  and  that  the  part  of  it 
which  is  covered  by  newer  formations  does  not  essentiidly  differ  in  character  from 
that  which  is  not  so  covered. 

It  seems  a  perfectly  legitimate  conclusion  that  the  relations  of  unconformability 
between  the  older  and  newer  rocks,  which  we  can  prove  to  be  true  in  so  many  place! 
throughout  England  where  we  can  see  them,  probably  occur  in  many  other  places 
where  we  cannot  even  guess  at  them.  I  have  hitherto  hesitated  to  pronounce  a  very 
decided  opinion  on  these  points,  out  of  deference  to  what  appeared  to  l)e  tlie  hesitation 
of  my  seniors ;  but  as  I  am  beginning  to  be  entitled  to  assume  the  character  of  > 
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nyseli;  I  no  longer  hmttaltb  to  «vow  my  belkf  in  the  grmi  geologiotl  anti- 
of  the  genovl  lurfiice  of  the  Fdaoioic  tocVb,  end  eo  for  to  anticipate  the 
fc  of  the  Boyal  Coal  Oommimon  as  to  dedaie  the  opbilon  announced  at  the 
i  in  Knuiic^iam,  that  any  ihaft  tank  throned  the  New  Bed  Sandstone,  at  a 
eefrom  oar  pteeent  coalf^eMl^  has  on^y  a  ekattce  of  hitting  a  subtemnean 
U,  and  is  at  least  as  likely,  and  in  some  phuses  much  more  likely,  to  come 
oaan  old  eroded  snrfaee  (rf  some  formation  that  Ues  below  the  Ck)al-meaanres. 
HflSi  many  good  workable  coalfields  exist  beneath  the  plain  of  New  Bed  Sand- 
,  M  the  total  imeonformability  between  that  formation  and  all  those  that 
low  it  deprives  us  of  all  clew  as  to  the  position  of  these  coalfields.  The 
I  St  which  these  may  be  fonnd,  that  is  to  say,  the  total  thickness  of  the 
ffag  New  Bed  Bandrtone  and  Pennian  formations  which  may  have  to  be 
■d  Wave  the  chance  of  reaching  Coatmeasnres  can  be  attained,  is  pat,  fey  my 
IgM  Professor  Bamsay,  at  about  6000  feet  In  this  I  qoite  agree  with  him, 
ig  kag  ago  assigned  a  minimam  thickness  of  8000  feet  as  that  to  be  expected 
I  abovs  any  workable  coals  in  the  districts  between  the  coalfields  osf  the  Mid- 
Goutifls.* 

Ofvilap  is  another  consequence  of  the  elevation  of  lock  into  diy 

I  and  its  subsequent  depression  beneath  the  sea.     It  has  both  a 

■^  and  practical  importance,  which  has  hardly  yet  been  suffi- 

■Ay  ifpteciated.     When  thoroughly  understood  and  applied,  it  will, 

^"i^  explain  many  geological  problems  which  are  now  obscure, 

i  wrrect  many  yet  unsuspected  mistakes. 

Overlap  occurs  in  a  perfectly  conformable  series  of  beds  when  the 
R*  beds  extend  or  extended  over  a  wider  space  than  the  lower, 
^  in  one  direction  or  on  all  sides.  It  is  obviously  the  result  of  the 
Nwl  sinking  of  an  old  land,  and  the  gradual  spread  of  the  sea  over 
■  wping  shores  and  undulating  surface,  so  that  the  sea  area  is  being 
^■''^y,  but  slowly  extended,  and  the  beds  formed  in  that  sea 
TOpondingly  expanded.  The  whole  upper  series  will  be  conformable 
^'Wfjbnt,  as  a  series,  it  will  rest  unconformably  on  the  rocks  below, 
^•ben,  however,  a  mass  of  beds  so  formed  comes  itself  to  be  dislo- 
y^^ eroded,  the  appearances  presented  by  the  rocks  as  they  are 
^^■*^y  left  may  easily  be  such  as  to  lead  the  observer  to  conclude 
j*^**^'^  is  nnconformability  among  the  beds  of  the  upper  series, 
uwi  mistake  may  have  two  origins.     In  the  first  place,  when  the  beds 

^  ^^Pper  set,  which  rest  directly  on  the  lower  rocks  in  one  place, 

***  ^e  same  beds  which  rest  upon  them  in  another,  it  may  be 
i  al  ^^^ded  that  this  is  due  to  unconformability  among  the  beds 

?*^Pper  set  instead  of  to  overlap.  In  the  second  place,  this 
^^  ^pression  of  an  old  land  may  cause  great  changes  in  the  litho- 
^Jl^iaracters  of  l>eds  which  are  really  contemporaneous,  and  equal 
^T^y  in  beds  deposited  under  similar  conditions  at  very  different 
fv**  The  observer,  then,  who  examines  isolated  exposures  of  such 
■W^  be  readily  induced  to  consider  beds  to  be  contemporaneous 
^^  Hmg  to  very  different  parts  of  a  geological  period,  or  assign 


CHAPTER  XIL 

«HS  ORAVmC  OB  HTPOOXNOU8  BOOKS  VHWBD  A8  B00K-lCAfi8I8. 

hs  fRTiow  chmpten  we  hare  examined  chiefly  the  petzolpgical  rela- 
B  fli  the  AqneofDS  Bocks :  we  have  now  to  examine  thoae  of  the 
■Mi  daiL  The  diffeient  kinds  of  igneous  rocks  have  been  described 
l»  tiie  head  of  lathokgy,  and  it  was  shown  that  these  diflRBienoes 
^  d^ended  on  the  difference  of  their  chemical  composition,  and 
^f  on  the  difference  of  stmctore  and  textnre  resulting  from  the 
tfUL  arcomstanoes — as  pressnre  and  rate  of  cooling — ^nnder  which 
k  SMMolidation  took  place.  The  Qranitic  rocks  cooled  slowly,  and 
lev  giest  pressure,  at  some  considerable  depth  in  the  interior  of  the 
■t  of  the  globe.  The  Volcanic  rocks,  on  the  other  hand,  were  con- 
^dsted  it  the  surfiEu^e,  while  the  intermediate  and  yariable  class,  which 
^hare  called  Trappean,  haye  been  solidified  sometimes  at  the  surface 
^  amefeimes  at  a  greater  or  leas  depth  beneath  it 

In  Uie  present  chapter  we  shall  consider  how  the  granitic  series 
9*^  in  ro^-masses,  and  forms  in  this  way  an  important  constituent 
'  ^  earth's  crust  In  the  succeeding  chapter  we  shall  treat  of  the 
pH^fab  The  volcanic  series,  in  accordance  with  the  plan  hitherto 
r^  ui  this  work,  will  be  discussed  in  the  next  part,  under  the 
f**<rf  Geological  Agencies. 

^Jsd•^ll•ntal  or  Frimeral  Granite. — ^The  idea  which  formerly  pre- 
^y  tmong  geologists  was,  that  the  granite,  which  now  appears  at  the 
^^  is  part  of  a  primitive  or  primeval  rock,  forming  a  fundamental 
^  the  base  of  all  other  formations.  Werner  held  that  it  was  the 
ystaUised  from  an  original  menstruum,  and  that  it  was  fol- 
crystalline  precipitation  first  of  gneiss  and  then  uf  mica-schist 
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Trv^  crystallised  from  an  original  menstruum,  and  that  it  was  fol- 

_  "^  however,  the  igneous  origin  of  granite  came  to  be  recognised. 


.l"vTe^  by  Hutton  and  his  followers,  the  idea  was  modified  into  that 
Riute  being  the  rock  first  formed  on  the  cooling  of  the  external 
^*  the  molten  globe.     The  ghosts  of  these  ideas  still  linger 

If 
.    ^  admit  the  idea  of  our  earth  having  been  originally  a  molten 

k!^  ^  probaUe  one,  it  seems  hardly  possible  to  suppose  that  the 

1^  ^^  fiazmed  on  its  cooling  surface  would  be  one  like  granite.   Even 

^^^'^^Uiiied  precisely  the  consdtneats  of  gnmte^  it  would  seem  moi^ 
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likely,  on  the  first  cooling  of  its  surface,  to  form  scoriaceons  trachyte, 
obsidian,  or  pumice.  There  is  no  instance  known,  so  far  as  the 
author  is  aware,  of  any  igneous  rock  which  can  be  shown  to  have  been 
consolidated  at  or  near  the  surface  forming  such  a  solidly  crystalline 
mass  as  granite.  Even  the  porphyritic  trachyte,  which  most  resembles 
it,  has  always  been  denuded  of  a  very  considerable  cover,  as  in  the  case 
of  the  Mont  Dor,  and  can  always  be  distinguished  from  granite  by  the 
form  of  its  crystals  and  the  pores  and  quasi  scoriaceons  cavities  which 
are  dispersed  through  it 

We  may  take  it  for  granted,  then,  that  all  true  granite,  whether  it 
be  formed  by  the  cooling  of  an  independent  igneous  mass,  or  by  that  of 
a  mass  molten  in  situ,  was  consolidated  at  a  great  depth  beneath  the 
surface,  and  therefore  very  slowly  and  under  great  pressure.  That  large 
areas  of  such  deeply-formed  masses  now  appear  at  the  surface  can  be  no 
difficulty  to  us  after  what  we  have  seen  of  the  action  of  denudation  in 
the  last  chapter.  There  is,  however,  this  much  truth  in  the  fundamental 
character  of  granite,  that  we  know  of  no  great  mass  of  any  kind  of  rock 
appearing  from  imderneath  any  considerable  mass  of  granite.*  We 
have  no  reason  to  suppose  that  if  we  began  to  bore  in  any  such  mass 
we  should  ever  pierce  another  kind  of  rock,  even  if  it  were  possible 
to  continue  our  operations  till  we  came  down  to  yet  molten  rock, 
which,  as  far  as  we  can  guess,  would  most  likely  be  still  unconsolidated 
granite.  Still  it  does  not  follow  from  this  that  the  rocks  which  we  find 
anywhere  resting  upon  any  mass  of  granite  are  the  lowest  or  oldest  of 
rocks,  or  that  they  pass  imder  all  other  rocks  except  the  granite.  In 
many  cases  where  true  granite  appears  at  the  surface  it  can  be  shown 
to  have  come  through  a  great  thickness  of  stratified  rocks  which  must 
therefore  have  been  in  existence  before  it,  or  are  older  than  the 
consolidation  of  the  granite.  It  can  also  be  shown  that  diiferent  masses 
of  granite  were  brought  into  the  place  they  now  occupy,  and  con- 
solidated at  very  different  geological  periods.  They  not  only  pene- 
trate very  different  formations,  but  the  granite  which  penetrates  one 
formation  was  not  only  consolidated  but  denuded  before  the  deposition 
of  another  formation,  which  is  itself  in  other  places  penetrated  by 
granite.f 

Fosition  and  Form  of  Granite. — The  position  and  mode  of  occur- 
rence usually  assigned  to  granite  by  the  older  geologists  was  something 

*  The  only  fact  that  could  be  taken  as  an  indication  of  such  an  occnrrence  is  the 
appearance  of  veins  and  dykes  of  greenstone  traversing  granite,  as  in  the  comitiy  near 
Newry. 

t  The  different  theories  in  the  formation  of  granite  are  discussed  by  Dr.  Hau^ton  in 
Appendix  B  to  the  Ist  Lecture  of  his  Manual.  He  well  says : — "  The  evidence  of  the  geolo- 
gists has  been  collected  in  the  field,  and  though  it  is  wanting  in  the  scientific  precision  which 
the  chemists  have  called  to  their  aid,  yet  it  possesses  a  force  which  all  the  Mrgnments  on  the 
other  side  have  as  yet  failed  to  oppose." 
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hat  in  the  following  diagram.     It  was  taken  for  granted  that  this 


Fig.  w. 

Supposed  position  of  granite. 

A  mass  of  Grmnite  forming  the  axis  of  a  range,  and  1,  2,  3  are  the  stratified  rocks 
from  it  in  each  direction,  the  lowest  or  oldest.  No.  1,  being  next  to  the  granite,  and 
or  newest,  No.  S,  the  farthest  from  it. 


9B  the  motive  power  in  elevating  and  tilting  other  rocks,  and 

led  the  axis  of  mountain  chains,  with  the  lowest  formation  resting 

tust    it    on    each   side,  and   a   regular   npward  succession    as  we 

ceded  from  it.     The  occasional  appearance  of  granite  masses  in 

eentre   of  mountain  chains,  where  not  only  the  uptilting  action 

heen  greatest,  but  the  denudation  also,  favoured  this  view.     It 

»ed  to  be  further  confirmed  by  the  fact  that  gneissose  rocks  often 

irred   next  the  granite,  and  that  the  metamorphism  of  the  rocks 

d  away  as  they  receded  from  the  granite,  it  being  assumed  that 

in   was  older  than   mica-schist,   and   mica-schist   than    clay-slate. 

•c  a.s&uniptions  obviously  saved  the  labour  of  the  minute  observa- 

i  of  the  diflferences  between  stratification,  cleavage,  and  foliation,  in 

lofce  and  difficult  districts.     Neither  would  any  labour  have  given 

ffoate  results  without  sufficiently  large  and  accurate  maps  on  which 

fecord  the  observations  as  they  were  made.* 

There  seems  to  be  little  doubt  that  although  granite  may  in  certain 

Unces  assume  the  position  suggested  in  Fig.  94,  it  is  by  no  means  a 

itSBary  mode  of  occurrence,  nor,  as  a  matter  of  fact,  does  it  often  occur. 

ft  can  hardly  take  better  examples  of  the  mode  of  occurrence  of  true 

hiite  than  those  of  Leinster  in  Ireland,  and  those  of  Devon  and  Com- 

A  in  England. 

Iieiiister  Granite. — The  granitic  district  in  the  south-east  of  Ireland,  ex- 
•iiag  from  Dublin  Bay  to  near  New  Ross  in  County  Wexford,  is  the  largest 
*fe«  expotnire  of  granite  in  the  British  Islands,  being  70  miles  long  and  ftrom  7  to 

*  W«  are  in  fact  only  Just  now  beginning  to  feel  our  way  to  true  conclusions  In  this  part 
JWogy.  and  ercn  with  the  staff  and  the  maps  of  H.M.  Geological  Survey  I  can  only  look 
^tnt^  to  the  completion  of  such  a  preliminary  sUtement  and  delineation  of  facts  as  shall 
■r*>wn  a  fair  basiafor  the  investigations  of  our  successoxs  in  the  next  generation.— See  the 
^•trootofp.S88. 
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17  miles  wide.  There  were  in  this  district  at  least  two  great  geological  forma 
tions,  each  consinting  of  shales  or  slates  and  sandstones,  and  each  several  thousand 
feet  thick,  at  the  time  of  the  intrusion  of  this  granite.  These  two  formations  ar 
known  as  the  Cambrian,  which  is  the  lowest  or  oldest,  and  the  Lower  or  Cambro 
Silurian,  which  rests  in  some  places  unconformably  upon  the  Cambrian.  Now  ii 
no  instance  is  any  part  of  the  lowest  or  Cambrian  formation  found  reposing  on  o; 
coming  against  the  granite,  though  it  comes  to  the  surface  in  some  places  withii 
two  or  tlu'ee  miles  of  the  granite,  as  shown  in  the  section  (Fig.  95).    The  Lowe 
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Fig,  M. 
Section  ftcross  Douoe  Mountain,  County  Wicklow. 

a,  Cambrian.  B.  Silurian  altered  into  mica-schist 

h,  Silurian.  G.  Granite. 

Silurian  rocks,  however,  have  been  broken  into  by  the  granite,  and  penetrated  bj 
granite  veins,  and  we  are  compelled  to  suppose,  therefore,  that  the  granite  masi 
h&VQ  passed  through  the  Cambrian  rock  below.  The  direction  of  the  length  of  th< 
granite  exposure  is  about  N.E.  by  N.,  while  that  of  the  strike  of  the  adjacent 
slates  is  more  nearly  N.E.,  or  even  E.N.E.,  which  is  the  mean  strike  of  theii 
cleavage.  It  is  remarkable  that,  although  the  slates  immediately  on  the  flanks  ol 
the  granite  ridge  often  dip  from  it  at  low  angles,  the  dip  generally  increase 
rapidly  as  we  recede  from  the  granite,  the  slates  sometimes  becoming  vertical,  OJ 
even  dipping  towards  the  granite,  as  indicated  in  Fig.  95. 

It  'm  very  difficult  to  come  to  any  decided  conclusion  as  to  the  connection  be 
tween  the  intrusion  of  the  granite  and  the  disturbed  position  of  the  adjacent 
rocks.  It  is  clear  that  the  granite  did  not  exercise  any  general  elevatory  actioi 
on  the  rocks  about  it,  or  the  granite  area  would  now  be  surrounded  by  concentric 
belts  of  rock,  the  lowest  of  which  would  be  next  the  granite,  and  the  others  newei 
or  higher  as  we  receded  from  it.  The  granite  seems,  as  it  were,  to  have  eaten  iti 
way  upwards  through  whatever  lay  above  it,  penetrating  it  slowly  and  gradual!} 
in  a  very  irregular  manner,  sending  numerous  and  variously  reticulated  veins  int< 
it  of  verj'  various  dimensions  and  extent,  and  probably  absorbing  much  of  th< 
rocks  above  it  into  its  own  mass  as  it  rose.  That  these  masses  had  been  disturbec 
and  tilted  before  the  intrusion  of  the  granite  seems  to  be  indicated  by  the  way  ii 
which  large  masses  of  them  dip  dovm  into  the  granite  and  end  suddenly  against 
its  irregular  surface.  Though  it  is  of  course  possible  that  this  tilting  of  the  bedj 
accompanied  the  intrusion  of  the  granite,  my  own  ob8er\'atious  have  produced  th< 
other  impression  on  my  mind. 

It  is  certainly  true  tliat  the  masses  of  mica-schist  on  the  flanks  of  the  graniti 
range  generally  dip  from  its  centre  on  each  side.  Dr.  Oldham's  sections  acros 
Lugnaquilla,  however,  show  the  mica-schist  there  to  be  horizontal  towards  th< 
summit  of  the  hill,  which  is  alx)ut  the  centre  of  the  granite  ridge,  and  to  be,  as  ii 
were,  interstratified  with  horizontal  vein-like  belts  of  granite  ;  while  on  th< 
flanks  of  the  ridge  the  mica-slates  dip  at  a  high  angle  from  the  central  ridge,  and 
are  a  good  deal  contorteil,  but  the  beds  terminate  downwards  against  a  genera 
irregular  surface  of  granite.  In  these  delineations  of  the  relations  of  the  rocks  ] 
have  no  doubt  of  the  correctness  of  my  distinguished  predecessor's  ideas.  In  8om< 
places,  at  a  distance  of  a  mile  or  so  ftom  the  granite  exposure,  the  slate  become! 


GBAHm  07  LEnraTER.  243 

c«l,ordipiBt  mIiI^iB^tawHnUth*Knuittaaipa«ni«.  Ontbt  awteni  flank 
h*  gnoiito  hnu  the  dip  of  tha  iiilc»«^l>t  or  BUr-*l>t>  nanu  to  ba  geiunll; 
IhiB  SD  Uw  HMteiu,  «Dd  tba  fabtamiaui  mifkea  of  ths  gruiits  appeui  not 
■oml  Ki  impidl;  into  tha  autli  oa  tfae'aaitnii  M  it  doc*  on  the  vestain  flank, 
»  ivall  tmiii  of  granite  ara  aipoaad  at  intamli  amons  the  ilatea  at  tba 
nt  eaiface  of  the  gioiuid.batwaan  tha  main  gnmlte  chain  tod  tha  tea-eoart. 
il  aauiiia  to  my  oiad  almoat  certain  that  tlia  whole  of  Wickknr  and  Wexford 
■teUd  \j  •  eonUnnona  man  of  granita  with  a  Tory  liregolar  m&ce,  and 

tta  form  t^  tba  gnnite  anrlkoe  ha*  little  or  no  oonnectioD  with  tha  poaition 
W  bade  abore  aitbar  in  dip  or  atrike.  NdtherbM  the  istniaion  of  tha  gnnite 
amj  dliBct  oonnaction  irith  the  ooonrmea  of  the  tn^ipMn  rocki,  either  fel- 
m  or  BtMUtMM*.  niaaa  trape,  whether  th^  are  contempotaneoo*  m  Intro- 
■  ttat  ia,  whathar  tba;  wem  «niptad  to  the  anrface  diuing  tha  depoaltion 
ha  ilatea,  or  thnut  in  among  tbarn  aftenraid) — wen  all  in  tha  alataa  before 
btmaion  at  the  granite.  Not  ao  with  the  "  Elrana  "  {nlna  of  qnaitB>ae  po> 
rj),  however,  and  other  granitic  Teini,  man?  of  which  certainlj  ara  of  an 
n  eaBtempaniMoai  with,  or  labaaqnmit  to,  the  granite, 
tha  wide  apnad  of  the  granite  araa  beneath  the  nrionilr  tilted  and  oontorted 
wtl  the  alaia  rocka  la  alao  remland  proboUe  by  Uie  natrowing  of  the  ezpoanre 
hi  panite  where  the  preawit  aar^ce  liaea  into  moontainx,  and  ita  coropantiva 
tfc  ta  tb«  lower  gronnda.  In  the  low  ground  In  tha  northern  part  of  CoonCf 
taw,  to  tha  Dolthwirdof  Tallow,  the  gnnlta  area  ia  17  miles  wide,  and  Ita 
ttl  portiona  are  entiialf  free  from  betts  or  patchei  of  mica-«chist.  As  the 
tad  riiea  on  the  northwud,  hoverer,  into  LugnaqutlU  (3040  feet),  or  on  the 
Intaid  into  Hoont  Leinitar  (3610),  the  width  of  tha  anrfiica  of  eiposnra  of 
lltt  ii  contncted  to  6  or  S  ntilea,  and  the  higher  gronnda  ue  patched  with 
k  and  Tonndiih  apace*  of  ntica^chUL     Had  a  cover  of  an  additionid  thonaaad 

or  K>  been  left  over  those  hilla,  tha  granite  would  have  been  altogether  con- 
ad  bjr  the  mica-echirt.  Tha  width  of  the  low  granite  area,  on  tha  other 
d,  ii  dna  to  the  removal  of  some  2000  feet  of  cover  which  fonnerl;  connected 

hiUi  of  Lagniquilla  with  thou  of  Honnt  Leiniter.  Thane  idea*  aa  to  the 
I*  of  occnmnce  of  the  Wicktow  grvnitca  ma;  be  Uliutrated  in  a  longh  and 
■ai  way  bjf  the  following  diagram  : — 


Fig.  M. 
UmI  HCthn  TcpreKnting  the  relitloni  between  Q,  a  granite  mui,  and  S,  a  enpeTlD- 
Mot  BiH  if  alate-iock,  th«  ilgiBg  Unei  being  intended  Co  mark  the  iHUt  nietimoir'>OM<l 
k  MKeeUst,  the  linee  a  i,  and  e  d,  Etc.,  rapresenUng  dUTennt  amfkcei  fOnned  br 
MaWw. 

Itiiheceaappoaed  thatthemanof  alate-rock  marked  S  S  was  penetrated  )<y 
^  pMlta  Baaa  motfced  Q  Q.  The  contortions  in  tha  >lato-n>eka  were  probably 
(JlWoa*  date,  but  if  their  production  accompanied  the  inbusion  of  the  gnnite 
pMBO  naoMsny  corraapondence  between  the  ontlina  of  tba  gnoito  surface  and 
P^ri  the  sktea.  The  ilgzag  lines  ace  intended  to  represent  uia  extent  to  which 
NwtfUn  aActod  tbeiute^  and  <JM  >wv  —  it  needed  fR>m  the  ^ulU. 
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The  horizontal  lines  ah^  c  d,  ef,  represent  the  different  surfaces  produced  oi 
locks  by  denudation.  These  would  of  course  never  be  really  horizontal,  but  ^ 
undulate  in  yarious  directions.  As  the  figure,  however,  is  only  a  diagram,  ai 
the  true  form  of  these  surfaces  would  >aiy  indefinitely  and  continuously,  we 
as  well  suppose  them  to  have  been  horizontal  as  imagine  any  other  forms  for  t 
So  long  as  the  surface  was  represented  by  a  b,  there  would  be  no  appearan 
granite.  There  would,  however,  be  an  indication  of  its  existence  below,  as  ii 
part  some  of  the  metamorphosed  rock  reaches  that  surface.  When  the  surfac 
worn  down  to  c  (2,  the  exposed  metamorphic  area  would  be  wider,  and  a  gr 
vein  would  appear  here  and  there.  These  would  be  still  more  numerous 
larger  on  the  surface  e  /,  while  that  represented  by  ^  A,  would  expose 
width  of  the  granite  mass  ;  this  would  be  wider  when  the  surface  ij  was  exp 
and  grow  still  wider  on  those  represented  by  the  lines  k  I,  and  m  n,  No 
surface  represented  hy  g  h  would  show  precisely  the  state  of  things  represi 
in  Dr.  Oldham's  sections  across  Lugnaqullla,  while  the  surfaces  i  j,  or  k  I,  v 
represent  the  section  across  the  low  lands  of  CSounty  Carlow,  where  the  vail 
the  Slaney  crosses  the  granite  area.  This  explanation  of  the  facts  shown  b 
Leinster  granite  must  be  obvious  to  any  one  who  walks  through  the  coi 
with  the  maps  and  sections  of  the  Geological  Survey  in  his  hand.  I 
plains  also  Uie  fact,  that  a  partially  metamorphosed  area  occurs  here 
there  occasionaUy  in  the  lower  slate  country,  without  any  exposure  of  gn 
though  a  subterranean  boss  of  it  doubtless  rises  towards  the  surface  nt  that  y 
It  also  explains  the  variations  in  the  width  of  the  metamorphosed  belt  that 
rounds  the  granite  of  the  main  chain,  and  that  of  the  outl>ing  bosses  ;  that  vari 
in  width  depends  on  the  various  inclination  of  the  granite  surface  below.  \S 
the  granite  sinks  slowly  the  metamorphic  band  is  wide,  where  it  goes  dovra 
rapid  slope  the  surface  outcrop  of  the  metamorphic  belt  is  narrowed  ac<x>rdin 

Granite  of  Devon  and  ComwalL — Although  I  have  not  seen  much  of 
granites,  yet  the  little  which  I  have  seen,  taken  together  with  the  study  of  publ 
maps  and  descriptions,  especially  those  of  Sir  H.  de  la  Beche,*  convinces  me 
the  same  general  reasoning  applies  to  them  as  to  those  of  Leinster.  The  gra 
exposures  of  Dartmoor,  and  the  other  masses  which  rise  to  the  present  surfac 
Devon  and  Cornwall,  are  merely  the  irregular  knobs  of  a  connected  mass  In 
The  slates  dip  on  to  and  end  against  this  mass,  the  irregular  form  of  whose  su 
has  very  little  connection  with  the  position  of  the  beds  of  the  country-.  I 
beds  may  be  "dog-eared,"  as  it  were,  for  half-a-mile  or  so  on  the  immediate  fl 
of  the  granite  bosses,  and  metamorphosed  here  and  there,  of  course  to  a  gn 
or  less  extent  according  to  circumstances.  The  general  strike  of  the  rocks, 
ever,  in  the  district  between  the  granite  bosses,  is  not  aflected  by  their  occurr« 
The  granite  bosses  are  not  surroimded  by  concentric  belts  of  rock,  the  lowesi 
nearest  to  the  granite,  and  so  on.  ITie  granite  penetrates  the  Ckjal-meas 
and  behaves  to  them  precisely  in  the  same  way  as  it  does  to  the  Devonian  sla 
and  the  relations  of  the  older  igneous  rocks  in  the  Devonian  slates  to  the  n 
granite,  and  of  the  still  newer  Elvans  to  both,  seem  to  be  precisely  siinila 
those  of  the  corresponding  rocks  in  Leinster. 

Nevertheless,  it  can  easily  be  shown  that  the  time  of  the  intrusion  of 
granites  of  Cornwall  and  Devon  is  much  more  modem  than  that  of  the  granil 
Leinster.  The  formations  called  Old  Red  Sandstone  and  Carboniferous  Lime.s 
were  deposited  on  the  bared  surface  of  the  Leinster  granite,  and  contain  fraguj 

*  It  is  perhaps  advisable  to  mention  that  the  maps  of  the  West  of  England,  publish* 
those  of  the  Oeological  Survey,  were  nnt  executed  by  the  Survey,  as  at  present  constiti 
Sir  H.  T.  de  la  Beche  chiefly  executed  them  himself,  with  the  assistance  of  friends,  woi 
en  amateur,  at  his  own  cost.  They  were  engraved  and  coloured  at  the  expense  of  the  pu 
and  made  the  basis  of  the  Government  Survey  which  is  now  going  on. 
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thegnaiteiof  Devon  and  Conwan  penetrate  the  fonnatioii  ctltod  tl^ 
ee,  whidi  li  move  modem  tlum  tlie  C^boniferoae  limeetoneL 
re  want  of  oonfonnitj  between  tlie  inegnler  outline  of  tlie  enrfece  ci 
ind  the  poeitlon  of  the  aqneoiis  end  metamoipldc  sUtee  about  it  hai^ 
eoi  the  origin  of  much  adntifio  end  some  practkal  mieapprehension. 
Salnnm  wae  kind  enom^  to  aend  me  aome  time  ago  an  iniitance  of  the 
sne  of  the  Oomiah  miMa,  where^  tnuting  to  the  apparent  dip  of  the 
ft  waa  annky  which  waa  expected  to  be  wholly  in  the  slate,  but  which 
J  came  down  on  a  aabtenanean  mound  of  granite.  The  atadent  will 
Boolleet  that  it  ia  quite  poeaiUe  for  beda  to  dip  diieeOy  at  and  into  a 
lite. 

M  of  UMer. — From  the  descriptiona  of  Dr.  Haughton  and  othera^  it 
fc  tlie  green  ailioeona  ffilurian  alatea  that  come  in  c(mtact  with  the  XTlater 
not  at  an  metamoiphoaed  by  them.  Their  purely  aOioeoua  character 
Bden  them  unaltenStde  by  mere  heat  When^  however,  the  granitea 
e  Garboniferoua  limeatone^  it  qvpean  that  they  are  converted  into  a 
(or  syenite,  according  to  the  German  nomenclature  adopted  by  Dr. 
containing  anorthite  (a  lime  felspar)  and  hornblende. 
I  of  tlie  Fyreneaa. — A  recent  visit  to  Canterets  in  the  Pjwneea 
hat  themaaa  of  granite  there  waa  intrusive,  with  only  onefokpar.  The 
rough  and  aenda  ahort  veina  into  the  blade  slaty  rocka  about  it ;  but 
ire  very  arenaceous  scarcely  alters  them  at  all.  Near  Gautereta  the 
the  granite  would  not  even  be  suspected  if  the  examination  of  the  slate- 
jTested  at  ten  yards  before  coming  to  the  granite,  while  the  instant  the 
ached  it  has  euctly  the  character  which  it  retains  for  some  miles,  both 
lits  of  the  hiUs  and  in  the  bottoms  of  the  deepest  valleys  and  ravinea. 

«  more   likely-  to  be  aaaooiated  witli  Older  than  Kefw«r 

m  ita  sonroe  bains  in  interior  of  Earth. — ^It  is  doubtless  tme 

te  is  found  more  frequently  associated  with  the  older  rocks 

the  newer  ;  in  other  words,  with  the  lower  rather  than  the 

ks.     The  reason  of  this,  however,  is  clearly  that  the  veiy 

granite  is  in  the  interior  of  the  earth.     Qranite,  in  order  to 

[iigher,  must  pass  through  whatever  lower  rocks  there  may  be 

',    Many  injections  of  granite  may  have  proceeded  a  certain 

om  the  interior,  penetrating  only  the  lower  rocks  ;  but  none 

reached  the  upper  without  traversing  those  below  them. 

te  should  be  most  frequently  associated  with  the  lowest  rocks 

0,  from  the  very  nature  of  granite.    We  can  hardly  imagine 

in  rock,  which  reached  or  came  near  to  the  surface,  would^ 

iating,  foim  granite,  but  rather  some  other  kind  of  igneous 

Istone  trap,  or  a  trachytic  lava,  as  the  case  might  be. 

sr  reason  why  granite  is  found  principally  in  connection  with 

have  formerly  been  deep-seated  might  be  adduced,  and  that 

granite  now  found  at  the  sur&ce  ought,  if  the  views  here 
are  correct,  to  be  there  in  consequence  of  vast  denudation 
:en  place.  This  denudation  would  expose  the  lower  rock  to 
e  the  parts  of  the  higher  rocks  that  were  perhaps  equally 

by  the  granite  would  be  removed  ;  the  other  parts  which 
Ing  now  at  a  distance  from  the  granite,  and  showing  no  ugna 
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of  Buch  penetration.  It  is  where  the  lowest  or  oldest  rocks  come  up  to 
the  surface  that  we  should  expect  most  frequently  to  meet  with  granite, 
and  this  we  find  to  be  the  case. 

Metamorphic  Granite. — An  idea  seems  to  have  sprung  up  in 
the  minds  of  some  geologists  that  all  granite  is  of  metamorphic  rather 
than  of  original  igneous  origin.  Though  unable  to  entertain  such  a 
notion  with  regard  to  the  granitic  masses  of  Leinster,  and  still  less  of 
Ulster,  in  Ireland,  or  Devon  and  Cornwall  in  England,  and  other  places, 
where  the  granite  occurs  in  large  independent  masses,  surrounded  by  a 
mere  film  of  metamorphic  schists,  or,  as  in  Ulster,  by  none  at  all,  I 
am  by  no  means  inclined  to  deny  that  there  are,  in  highly  meta- 
morphosed districts,  masses  of  rock,  to  which  it  would  be  difficult  to 
give  any  other  name  than  that  of  granite,  which  are  nevertheless  of 
wholly  metamorphic  origin.  If  we  trace  back  all  sands  and  clays  to 
their  origin,  we  are  compelled  at  last  to  derive  them  from  the  waste  of 
some  igneous  rock.  Some  of  them,  at  all  events,  must  be  derired 
originally  from  the  waste  of  some  granite  or  granitic  rock.  If  not, 
from  what  other  source  are  we  to  seek  for  them  ?  Before  any  sand- 
stone or  clay  could  exist  on  the  globe,  there  must  have  been  some 
primitive  rocks  containing  quartz  and  felspar,  and  apparently  mica,  for 
the  very  oldest  unaltered  rocks  contain  micaceous  spangles, — ^wom  chips 
of  some  original  crystals  of  mica.  This,  it  will  be  observed,  is  a  very 
difierent  thing  from  saying  that  any  granite  now  visible  to  us  is  part  of 
that  primitive  rock.  It  is  quite  conceivable  that  all  those  primitive 
rocks  may  have  been  destroyed  or  altered  long  ago,  and  that,  therefore, 
they  not  only  cannot  be  found,  but  do  not  exist. 

But  if  any  masses  of  sandstone  and  clay  derived  from  the  waste  of 
a  granite  rock  retain  their  original  constituents  in  the  proper  propor- 
tions, and  are  afterwards  brought  under  such  conditions  as  would  induce 
them  to  crystallise  again  into  felspar,  mica,  and  quartz,  they  would  be 
brought  back  into  the  form  of  granite.  If  this  occurred  at  any  great 
depth,  and  the  materials  passed  through  a  state  at  all  approaching 
fusion,  masses  and  veins  of  that  re-fused  granitic  material  might  easily 
be  injected  among  the  surrounding  rocks,  and  all  the  local  phenomena 
attending  the  intrusion  of  originally  formed  granite  might  be  imitated. 

Whenever,  therefore,  granite  occurs  in  a  widely  and  highly  meta- 
morphosed district,  I  should  be  quite  ready  to  treat  it  with  great 
suspicion,  and  look  upon  it  as  possibly  a  metamorphic  rock.  Such 
suspicion  naturally  arises  when  we  find  the  granitic  character  extending 
outwards  into  the  metamorphosed  rocks,  or  in  other  words,  when  we 
trace  a  gradual  increase  of  metamorphism  as  we  approach  the  granite, 
and  at  last  pass  without  violent  transition  into  that  rock.  Yet,  even  in 
a  regular  intrusive  granite,  a  kind  of  reaction  of  the  different  substances 
it  meets  with  may  be  distinctly  traceable  for  a  certain  distance  into  the 
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of  tlie  granite  itself.     Dr.  Boose,  for  instance,*  in  speaking  of 
mutual  influence  on  each  other,  says  that  when  the  granite  is 
us,  the  slate  adjacent  to  it  is  also  combined  with  schorl, 
l^erertheless,  while  such  interblending  of  mineral  characters  takes 
iKtween  granite  and  its  suirounding  strata  in  cases  where  the 
is  held  to  be  of  igneous  origin,  there  are  instances  where  it 
on  such  a  wide  scale,  and  where  the  gradation  from  imaltered 
into  granite  is  so  gradual,  that  we  can  hardly  escape  the  conviction 
this  granite  really  represents  a  mass  of  strata  in  a  state  of  complete 
m.     An  excellent  illustration  of  this  feature  occurs  in 
Galway.     The  recent  work  of  the  Geological  Survey  in  that 
carried  on  by  Mr.  G.  EL  Kinahan  and  his  junior  colleagues,  has 
ni  that  two  kinds  of  granite  are  largely  developed  there.     Of  these, 
V  <tf  intrusive  character,  sending  veins  into  the  adjacent  rocks,  and 
one  kind  of  felsjxir  only  (viz.  orthoclase),  while  the  other  con- 
two  felspars  (oligoclase  as  well  as  orthoclase),  the  orthoclase  often 
in  large  pink  crystals,  giving  a  porphyritic  character  to  the 
Wkere  the  junction  of  this  porphyritic  granite  with  the  meta- 
ie  rocks  can  be  clearly  seen,  it  is  often  to  be  observed  that  the 
passes  insensibly  into  the  surrounding  gneiss.     This  is  caused 
tk  flakes  of  mica  assuming  gradually  a  parallelism  in  the  rock, 
'^fring  it  more  and  more  a  foliated  character,  till  it  is  difficult  to  say 
^  vkn  it  passes  from  granite  to  gneiss.     With  true  intrusive  granite 
>^  ftere  is  never  any  such  difficulty.     Hand  specimens  even  can  often 
^'  k  got  with  the  granite   and  gneiss,  or  other  mctamorphic  rock,  as 
definitely  bounded  as  can  be  imagined.t 

•  TmnM.  Ji«if.  Gtcl  Soe.  Cornwall,  vol  iv.  p.  457. 

t  One  of  the  earliest  writers  (if  not  himself  the  first)  to  make  detailed  ohservations  on 
luge  gnuitie  areas,  and  the  relation  to  them  of  the  dip  and  strike  of  the  surrounding 
<ntiflgd  rocks,  was  Mr.  Hay  Cunningham,  an  observer  too  soon  lost  to  science,  and  whose 
Witting^  from  the  limite<l  circulation  of  the  Journals  in  which  they  chiefly  ap]teared,  are  less 
kaown  than  they  deserre  to  be.   His  *'  Memoir  on  the  Geology  of  Kirkcudbright,"  publi.she<l 
IS  a  prixe-eMMy  in  the  Trtinsaetiont'of  th^  Highlaiul  S<^ety,  vol  ziv.,  is  well  worthy  of 
kfaig  read  by  every  geologist  who  takes  an  interest  in  the  questions  that  relate  to  the  origin 
flf  gnnite,  and  the  connection  of  granite  with  metamorphiHin.    He  i»ointed  out  very  clearly, 
■ft  a  tUne  when  the  value  of  the  observation  could  not  be  understood,  that  the  granite  of 
OiSowaj  has  not  been  thrust  uj)  through  the  surrounding  Silurian  rocks,  which  in  that 
CMe  wooid  have  been  found  to  dip  away  from  the  granite ;  that,  on  the  contrary,  the  grey- 
vieke  and  shales  were  found  to  re-appear  on  the  farther  side  of  the  granite,  and  with  the 
■BM  strike  as  before ;  that,  in  fact,  the  granite  occupied  the  place  of  so  much  stratified  rock. 
IhoQf^  his  essay  is  tail  of  sagacious  inference,  he  did  not  live  to  see  the  full  application  of 
Us  obaervations.    The  now  well-ascertained  fact  that  over  wide  areas  granite  has  actually 
\ten  mbatitutefl  for  stratified  rock,  and  that  without  the  mere  disruption  or  displacement 
«( the  latter,  is  fatal  to  the  early  notion  that  granite  was  erupted  in  huge  molten  masses 
IkitNi^  the  crust  of  the  earth,  and  was  then  a  chief  agent  in  the  upheaval  of  mountain 
cbalas.    Whether  we  are  to  regard  granite  as  a  rock  connected  with  a  vast  highly  heated 
paaAUc  "magma'*  within  the  crust  of  the  earth,  and  slowly  eating  its  way  upward  by 
ibsorbiog  the  overlying  rocks,  as  suggested  by  the  author  in  a  previous  page,  whether  we 
00^  to  look  OB  granite  aa  in  all  esses  a  tra]f  metunorphic  rock,  or  whether  wc  lu&y  mt^^l 


Oraalt*  Toina.* — Granite  veJiu  Bometimei  difFor  Bennblf  in  lido- 
logical  character  from  the  parent  man  bom  which  thej  proceed.  'Oiej 
wmetimei  contain  larger  and  more  perfect  txyitalB  of  the  constitiuait 
minerals  than  aie  seen  in  the  man  of  the  toek,  and  at  others  became 
mrae  fine-grained,  and  dose  in  texture,  appearing  to  toee  their  quift^  . 
or  their  mica,  or  both.  The  more  large]  j  oystalline  Teine  are  genenllf 
those  vhich  occur  in  die  granite  iteeU,  and  these  are  not  probablj  ia- 
tnudve  veins,  but  veins  td  segregation,  or  even  of  snbaequent  infiltntion. 

The  veins  which  proceed  from  the  granite  into  the  surrounding  rock 
must  dearlj  be  intmaive  veins,  and  thej  can  frequentlj  be  shown  to 


have  been  intruded  at  different  periods.  This  is  seen  in  the  accom- 
ponjing  sketch  (drawn  bj  the  lata  Mr.  Du  Noyer)  of  a  localify,  readily 

wltbgnuilte  fomedln  bothwBji,  us  udang  Ui«  mDat-iKilDU  of  gaotogj.  The  itnilail  wOl 
find  •ama  Uithei  dlacniaion  gt  thli  inl^ect  Id  tlie  MCtlon  or  thli  Huul  trutliig  of  lltU. 
morphlfliu. — Ar  Q. 

•  Gnnibiveliii  warn  flnt  cuffoltT  •tndled  Id  tbli  coantryby  tlie  Ulaitrioiu  Hntton,  ud 
nr»  mad  bj  him  u  demonitntlTe  evident*  or  tha  farmer  molten  condition  ot  gnnitt. 
When  henuule  hli  funoni  obeemtlon  ot  the  gnnltevelni  ot  Olen  Tilt,  liliMtendut  np- 
poHd,  rromthe  eiabennt  delight  ot  the  phtlasopher,  that  he  mnat  at  tha  leut  haradla- 
coTeredn  gold-mine.  BealVnu  Roy.  5k.  £ili>i.,  vol.  IIL  p.  7«;  alio  Pli^alr*!  Lire  of  Button, 
DVb,  TOl.  It.  p.  n.  The  itndent  who  would  anjoy  a  maatarl;  deacrlptlDn  ot  granite  Telu 
■hontd  read  the  Hcmolr  ot  PlajrUr  and  Laid  Wtbh  BeTnunv.     Tfam,  Bof.  Stc  <d<ii.,  vol. 
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low  water  bcm  Uie  Killinej  Station  of  tlie  Dnblin,  Eings- 
Siaj  Bailwajy  where  one  lazge,  nearly  horizontal^  Tein  of 
be  seen  to  be  itaelf  trayened  bj  another  vertical  one,  which 
ipwards  in  branches  and  stnnga.  The  dark  Lower  Silurian 
re  altered  into  glittering  mica-Bchiat,  except  the  little  bands 
led  grey  ailiceona  gritstone^  which  are  interatratified  with 
esy  and  are  unchanged.  Some  of  the  layers  of  mica-schist 
uifaces  covered  with  beautiful  stellated  forms  of  staurolitey 
)een  developed  in  those  layers  which  had  the  requisite  con- 
form the  mineral,  while  they  are  absent  &om  the  inter- 
ers.  These  sdustose  rocks  are  entirely  surrounded  by  the 
L  rest  in  hollows  of  it^  although,  as  may  be  seen  in  the 
r  beds  dip  down  on  to  it 

cases  these  intrusive  veins  appear  to  cut  through  the  granite 
traceable  in  it  by  a  difference  of  texture  and  distinct  bound- 
In  other  cases,  however,  it  appears  to  have  been  merely  pert 
oal  portion  of  the  granite  which  was  injected  into  the  sur- 
ck.  The  subsequently  formed  veins  which  cut  across  these, 
old  hardly  have  had  tiie  same  origin.  These,  and  the  very 
18  of  ^'eurite"  or  compact  granite,  which  are  often  traceable 
rser  granite,  and  are  sometimes  themselves  traversed  by  other 
8,  apparently  of  subsequent  date,  are  probably  not  of  a  date 
or  to  the  intrusion  of  the  main  mass  of  the  granite.  It  is 
t,  on  the  first  consolidation  of  the  upper  portion  of  the  granite, 
fissures  might  take  place,  into  which  injections  o(  the  yet 
;  below  might  be  forced.  The  upper  consolidated  part  of  the 
lough  no  longer  fluid  from  heat,  might  yet  be  red-hot,  so  that 
jected  into  it  might  be  soldered,  as  it  were,  firmly  to  the 
fissures. 

t*  says  that  the  gnnite  veins  which  penetrate  the  slates  in  Cornwall 
near  the  jonction  of  the  granite  and  slates,  are  generally  finer  gndned 
ite,  and  are  more  qoartzose  but  less  micaoeous ;  that  they  pass  im- 
ito  the  granite— the  only  case  he  knew  where  a  vein  traTerMd  both 
t  Cam  Silver — and  that  there  ia  no  junction  of  the  granite  and  slates 
tiich  the  slates  are  not  trayersed  by  granite  veins.  He  states  that  the 
erally  harder  near  the  yeins,  and  are  almost  imperceptibly  changed 
te  into  mica-slate ;  and  that  in  most  places  where  the  junction  ia 
no  dislocation  or  disturbance  of  the  rocks.  He  adds  that  the  granite 
o  regular  direction,  although  often  straight  and  regular  in  form, 
size  as  they  recede  from  the  granite. 

roodf  also  says,  that  gp^anite  near  its  junction  with  slate  sends  oiT 
lizea,  shapes,  and  directions,  which,  when  huge  and  horizontal,  are 
ind  are  then  often  porphyritic  in  the  centre  and  fine  grained  at  the 
»t  cases  they  enclose  sharply-defined  angular  masses  of  date,  and  the 
es  of  these  portions  of  slate  almost  always  coincide  with  those  of  the 
On  the  other  hand,  long  and  slender  masses  of  date  penetrate  into 

Bof .  G§oL  Sue,  Com.  rollL  f  In  same  7V«af.  vol.  T.  p.  14a. 
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the  granite,  and  contain  masses  of  that  rock.  For  some  distance,  also,  on  e 
of  the  junction,  there  are  unconnected  patches  of  either  rock.  At  some 
"beds  "  of  granite  extend  into  the  slate  in  a  nearly  horizontal  direction  for 
many  fathoms,  but  the  position  of  the  latter  does  not  seem  to  have  been  dist 

Slrana. — ^The  "  el  vans"  of  Cornwall  are  veins  of  qnartzifero 
pliyiy,  dififeiing  from  granite  chiefly  in  the  absence  of  mica.  Aa 
to  Mr.  Came  they  vary  in  width  from  a  few  feet  to  fifty  fathoE 
Bometimes  are  inclined  at  low  angles,  underlying  (from  the  v 
much  more  rapidly  than  the  lodes,  t  He  considers  them  too  wid< 
called  veins,  and  speaks  of  them  as ''  el  van-courses."  Dr.  BoaseX  sa; 
elvans  are  often  most  like  granite  in  the  centre,  and  more  like  ft 
porphyry  at  the  sides.  He  afterwards  speaks  of  *'  eurite-cours 
the  granite,  and  says  they  are  commonly  regarded  as  fine-^ 
granite,  that  they  appear  to  be  made  of  crystals  of  felspar  and 
too  minute  to  be  distinguishable  by  the  eye.  Mr.  Henwood  reii 
that  the  elvans  traverse  granite  and  slate  alike,  their  most  usual  1 
being  E.  and  W.  They  more  often  dip  to  the  N.  than  to  the  S. 
average  angle  of  50°,  or  less  than  the  average  inclination  of  the  i 
veins.  He  adds,  that  they  are  more  granitic  m  the  granite  than 
slate,  but  still  distinctly  traceable  in  the  granite ;  and  also  that  tl 
usually  more  coarse-grained  at  the  centre  than  near  the  sides,  an- 
show  a  spheroidal  structure,  and  some  enclose  pieces  of  slate.  ! 
elvans  to  those  of  Cornwall  are  abundant  near  the  granite  of  L 
and  probably  in  the  neighbourhood  of  all  other  large  granitic  ni 

Although  the  elvans  differ  somewhat  mineralogically  from  < 
they  must,  I  think,  be  derived  from  it  as  granite  dykes,  since  th» 
occur  in  districts  where  granite  also  occurs,  and  they  are  general] 
numerous  as  we  approach  the  granite.  In  Leinster  they  are  ofte 
able  in  nearly  straight  lines  for  some  miles,  although  only  a  few 
width,  several  of  them  running  parallel  to  each  other  for  such  a  d 
with  intervals  of  two  or  three  hundred  yards  between  them.  Th< 
coincide  in  strike  with  the  slate  or  other  rocks  in  which  they  lie, 
they  generally  cut  obliquely  across  the  dip  of  the  beds,  and  sor 
also  across  their  strike.  They  often  alter  the  rocks  in  contact  witl 
not,  however,  by  converting  them  into  mica-schist,  but  merely  pn 
a  greater  induration,  a  more  minute  joint-fracture,  and  a  browi 
ginous  tinge,  giving  them  what  might  be  called  a  "  burnt "  aspe 
the  Leinster  district  the  rock  of  these  "  elvans"  is  more  like  t 
servable  in  the  small  outlying  bosses  of  granite  which  just  shov 
selves  through  the  slate  in  the  country  between  the  granite  hills 
sea,  than  it  is  to  the  granite  of  the  "  main  chain."  Their  dire< 
generally  N.E.  and  S.W.,  or  parallel  to  that  of  the  main  chain 
granite. 

♦  Trans.  GwL  8oc  Com.,  vol.  v.  p.  U^  \  0^.  ctt.  vol.  1. 
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THE  TRAP-ROCKS  VIEWED  AS  ROCK-MASSES.* 

The  student  has  already  learnt  (Chap.  Y.  p.  107)  in  what  sense  the  word 
trap  is  employed  in  this  volume,  what  rocks  are  included  under  the 
tenn,  and  in  what  respects  these  rocks  differ  from  each  other  in  mineral 
eomposition.  It  now  remains  to  describe  the  geological  relations  of  these 
masses :  that  is,  the  various  forms  under  which  they  enter  into  the  com- 
position of  the  geological  structure  of  a  country.  We  are  to  deal  with 
the  rocks,  not  as  mineral  substances  of  varying  composition,  whose 
differences  can  be  discriminated  in  hand  specimens  in  a  museum,  but  as 
great  rock-masses,  which  play  an  important  part  in  the  architecture  of 
the  earth's  crust.  The  distinctions  which  have  now  to  be  drawn  among 
them  relate  to  features  which  must  be  studied  in  the  field,  and  many  of 
which  cannot  be  properly  understood  without  some  knowledge  of  modem 
volcanic  action.  That  knowledge  is  necessarily  presupposed  in  the  follow- 
ing discussion ;  but  the  student  who  wishes  to  furnish  himself  with  this 
preliminary  requisite  will  find,  perhaps,  a  suflBciently  detailed  account 
of  volcanoes  in  the  next  Part  of  this  Manual.  He  will  discover,  more- 
over, that  in  the  study  of  the  trap-rocks  (which  are  to  so  large  an  extent 
merely  volcanic  rocks  of  ancient  date)  he  acquires  an  insight  into  many 
features  of  volcanic  action,  which  it  is  not  possible  adequately  to  investi- 
gate in  any  modem  volcano. 

*  It  is  proper  to  state  that  this  Chapter  has  been  entirely  re-written  by  the  editor.  In 
coofonnity  with  the  author's  cUssiflcation,  the  "  trap-rocks  "  are  meant  to  include  rocks  of 
Tolcanic  origin,  of  palsozoic,  secondary,  or  older  tertiary  date,  along  with  other  masses 
which,  thoQgh  they  did  not  reach  the  surface,  were  intruded  among  the  rocks  below,  and 
nay,  in  some  cases,  have  been  connected  with  the  operation  of  volcanic  forces.  The  latter 
Mp  to  connect  the  volcanic  with  the  granitic  rocks.  It  may  be  open  to  doubt  whether  it 
would  not  be  better  to  disuse  the  term  '*  trap  "  as  the  name  of  a  distinct  class  of  rocks,  on 
the  ground  that  most  of  the  rocks  so  called  are  certainly  of  volcanic  origin,  while  of  the 
Rtt  some  are  so  closely  connected  with  the  unmistakably  volcanic  ones  that  they  should 
in  sH  probability  be  regarded  as  the  subterranean  prolongations  or  representatives  of  the 
litter ;  while  others,  such  as  the  quartziferous  porphyries,  dioritcs,  etc.,  are  so  related  to 
pa&itic  and  metamori>hic  rocks,  that  they  might  perhaps  be  most  fitly  taken  in  connection 
with  these.  The  editor  has  not  felt  at  liberty,  however,  to  alter  the  classittcatlon  of  his 
Wend ;  and,  fortunately,  this  is  of  minor  consequence  in  dealing  with  the  geological  relations 
of  the  rocks  in  question,  seeing  that  the  rocks  which  might  be  excluded  form  but  a  smaU 
pmftortion  of  the  whole ;  and  tbst  in  regard  to  tbeir  mode  oT  occurrence  they  cui'be  \^\i- 
Stately  tremted  Along  with  the  **intraaive  "  members  of  the  Tnppean  series. 
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The  student  of  British  geology  is  peculiarly  fortunate  in  this  branch  of  his 
inquiries.  In  that  combination  of  features  which  renders  our  islands  so  remark- 
able an  epitome  of  the  geology  of  the  globe,  not  the  least  important  item  is  the 
development  of  igneous  rocks  which  we  possess.  From  the  massive  felspathic 
lavas  and  tuffs  of  the  Lower  Silurian  rocks,  up  to  the  great  basaltic  plateaux  of 
Miocene  age,  most  of  the  British  geological  formations  contain  somewhere  evidences 
of  contemporaneous  volcanic  activity.  And  these  traces,  instead  of  being  confined 
to  limited  districts,  are  found  often  to  range  for  many  miles  through  groups  of  hills 
and  wide  stretches  of  lowland. 

This  copious  development  of  igneous  rocks  cannot  but  present  many  facilities 
for  the  study  of  vulcanic  phenomena,  and  of  those  deep-seated  processes  which  in 
a  modem  volcano  are  inaccessible.  The  investigation  may  be  approached  from  a 
number  of  different  sides,  resolving  itself^  in  this  way,  into  several  distinct  lines  of 
research.  These  igneous  masses  may  be  studied  stratigraphically  with  the  proofii 
of  their  having  been  successively  erupted  at  the  surface  during  Uie  growth  of  the 
various  formations  among  which  they  occur.  Hence,  on  the  one  hand,  we  may 
obtain  much  curious  insight  into  the  geological  history  of  a  district,  while,  on  the 
other,  by  taking  a  broader  view  of  the  whole  subject,  we  may  to  some  extent  trace 
the  progress  of  volcanic  action  over  the  whole  country.  Again,  the  rocks  may  be 
examined,  irrespective  of  the  formations  to  which  they  belong,  as  repositories  of 
data  respecting  the  phenomena  of  volcanoes.  They  may  be  studied  as  chemical  or 
mineralogical  compounds,  and  compared  or  contrasted  with  the  products  of  modem 
volcanoes.  When,  moreover,  we  reflect  how  many  of  these  igneous  masses  must 
have  consolidated  on  the  floor  of  the  sea,  and  how  rare  are  the  opportunities  of 
investigating  the  progress  of  an  active  submarine  volcano,  we  perceive  that  an 
attentive  study  of  our  own  volcanic  rocks  may  even  elucidate  some  of  the  leas 
observable  features  of  modem  volcanic  action.  Or  these  igneous  masses  may  be 
examined  with  the  view  of  ascertaining  how  far  volcanic  activity  may  influence 
submarine  life.  Thus,  in  some  of  our  geological  systems — among  the  Silurian 
rocks  of  Wales,  for  example,  or  the  carboniferous  limestone  group  of  Fife  and  the 
Lothions — many  instmctive  sections  occur,  where  an  abundant  series  of  crinoids, 
corals,  brachiopods,  and  other  organisms,  has  been  gradually  or  suddenly  enveloped 
in  a  mass  of  tuff.  Other  instances  likewise  abound  in  which  a  suite  of  fossils  may  he 
found  slowly  stmggling  through  the  upper  part  of  a  bed  of  tuff,  until  the  ashy 
sediment  dies  away,  and  the  fossils  gather  together  into  a  bed  of  limestone. 
Among  the  coal-seams,  ironstones,  and  limestones  of  Sfotland,  such  intimate 
relations  to  contemporaneous  volcanic  action  may  be  traced.  Or,  lastly,  we  may 
study  our  trap-rocks  with  the  view  of  learning  under  what  conditions  masses  of 
melted  rock  are  injected  into  strata  and  consolidated  far  beneath  the  surface,  and 
how  for  the  phenomena  presented  by  such  masses  may  be  found  to  bear  upon  the 
subject  of  plutonic  action  and  metamorphism.* 

Viewed  aa  rock-masses,  and  in  relation  to  their  connection  with  other 
rocks,  Trap-rocks  may  be  divided  into  two  great  groups: — Ist,  Those 
which  have  been  thrust  or  injected  into  other  rocks  without  reaching 
the  surface,  and  which  are  consequently  now  exposed  only  as  a  result  of 
the  denudation  of  the  rocks  which  once  covered  them,  and  under  which 
they  were  consolidated.  This  may  be  termed  the  IntmsiTe  or  Subse- 
quent (}roup.  2d,  Those  which  actually  reached  the  surface  as  true 
volcanic  rocks,  and  came  to  be  interstratiiied  with  and  covered  by  the 
formation  that  happened  to  be  in  progress  on  the  surface  at  the  time. 

*  GdJcJe,  Presidential  Addreat  to  SecUou  C,  'fttW.NAi  Ks»^N».\^n!iiA^R^. 
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To  this  group  the  name  Interbedded  or  Contemporaneous  may  be 
laogned. 

It  must  be  borne  in  mind  that  these  terms  have  reference  only  to  the 
relation  which  the  trap-rocks,  so  termed,  bear  to  the  rocks  among  which 
they  occur.  An  intrtmve  mass,  which  is  necessarily  mbsequent  in  date 
to  the  rocks  through  which  it  has  been  intruded,  may  be  of  the  same 
date,  or  older  or  younger  than  another  mass  which  is  interbedded  with 
itft  aaaociated  rocks.  On  the  other  hand,  an  interbedded  trap,  which  is 
geologically  contemporaneous  with  the  rocks  among  which  it  lies,  may  be 
eoeral  with,  or  older  or  younger  than,  another  trap  which  stands  to  its 
sorrounding  rocks  in  an  intrusive  or  subsequent  relation.  The  terms 
relate  solely  to  the  behaviour  of  the  rocks  as  rock-masses,  and  to  their 
dux>nologi<^  sequence  relatively  to  the  other  rocks  among  which  they 
oecor. 

This  arrangement  is  one  of  great  practical  convenience  to  the  field- 
geologist.*  It  is  evident,  however,  that  as  all  the  trap-rocks,  whether 
intrusive  or  interbedded,  originated  beneath  the  surface,  they  must  all 
1)6  in  reality  intrusive  in  some  part  of  their  mass.  Those  which  reached 
the  surface  and  spread  out  as  wide  sheets  there,  must  first  of  all  have 
been  intruded  through  the  rocks  beneath  the  surface  before  they  could 
appear  at  all,  just  as  every  modem  lava-flow  must  be  connected  with 
Borne  subterranean  pipe  or  column  of  lava  which  has  risen  through  older 
locks,  and  is  therefore  intrusive  or  subsequent  to  them,  though  the  lava- 
rtream  at  the  surface  becomes  interbedded  with  any  modem  deposits 
which  may  be  in  the  course  of  formation  at  the  locality,  and  is  therefore 
MitemjM>ra)ieous  with  them.  Nevertheless,  in  practice  we  seldom  can 
connect  the  contemporaneous  outflow  at  the  surface  with  the  intmsive 
column  or  pipe  from  which  it  proceeded.  The  cmst  of  the  earth  is  so 
Wken  and  disjointed,  and  the  rocks  now  visible  to  us  are  so  fragmentary 
from  dislocation  and  frequent  and  enormous  denudation,  that,  as  a  rule, 
the  utmost  we  can  say  is,  that  here  is  a  series  of  igneous  rocks  which  were 
actually  ejected  to  the  surface,  and  are  consequently  contemporaneous 

*  Tet  it  is  of  comparatively  recent  development.  In  the  earlier  days  of  geology  it  waa  the 

iDtrasive  aspect  of  the  trap-rocka  that  was  chiefly  insisted  on  by  the  Huttonians  as  evidence 

of  the  igneous  origin  of  these  rocks,  while  it  was  their  interbedded  aspect  which  was  seized 

ipon  by  the  Wemerians  as  proof  of  aqueous  deposition.    The  idea  that  many  of  the  trap- 

'Kks  are  of  volcanic  origin,  and  contemporaneous  with  the  rocks  among  which  they 

^^ccv,  was  not  unknown,  as  the  writings  of  Faujas  8t  Fond,  Bou^,  and  Macculloch,  prove, 

ttd  it  was  clearly  made  out  by  Sir  R.  Murchistm  in  his  original  "  iSilurian  System."    But 

I  beUeve  the  idea  never  bore  fruit  in  any  wide  investigation  of  the  rocks  themselves  until 

*     it  wu  brought  prominently  forward  and  applied  by  the  late  Sir  Henry  de  la  Beche  in  the 

i     t(/Qth-west  of  England,  and  afterwards  by  him  and  his  colleagues  of  Uie  Qeological  Survey 

f     in  Wales  and  In  Ireland.    There  can  be  no  doubt  that  the  work  of  the  Survey  was  the 

int,  as  it  is  still  the  most  memorable  attempt,  on  a  great  scale,  to  apply  the  knowledge 

^  recent  volcanic  action  to  the  elucidation  of  the  igneous  rocks  of  ancient  g%o\o^cii\. 

periods,     (See  the  ^apg  mnd  BectioDs  of  the  Oeol.  Burvey  of  Wales,  and  ProfessoiUi.m«Kf  % 

yttauJr  aa  A'ojtA  Ws/eg  In  the  3d  vol.  of  the  Survey  Memoirs.) 
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with  the  formation  in  which  they  are  interbedded ;  while  the 
another  group  wherein  the  parts  of  the  rock  now  visible  must 
consolidated  beneath  the  surface,  for  they  have  been  injected  intc 
rocks  among  which  they  occur,  to  which  therefore  they  are  subse(^ 
Every  mass  of  interbedded  trap  must  have  been  connected  will 
intrusive  pipe  or  mass  somewhere,  whether  now  visible  or  not ;  bii 
cannot  affirm  that  each  particular  mass  of  intrusive  trap  we  meet 
was  ever  connected  by  any  upward  prolongation  with  the  surface 
existed  at  the  time  of  its  intrusion.  In  studying  the  intrusive  1 
rocks,  we  have  to  deal  with  the  subterranean  phenomena  of  vole 
action ;  in  tracing  the  characters  of  the  interbedded  trap-rocks,  wt 
brought  face  to  face  with  those  features  of  volcanic  action  which ' 
displayed  at  the  surfeu^. 

In  the  classification  of  rocks,  already  given  in  Chapter  Y.,  the  1 
rocks  were  ranged  in  two  main  divisions,  according  to  their  litholoj 
character  and  mode  of  production, — ^the  Crystalline,  consisting  of  r 
that  had,  like  lava,  consolidated  from  a  state  of  igneous  fusion ;  and 
Fragmental,  comprising  those  which  had  been  formed  from  the  con 
dation  of  loose  materials  ejected  from  beneath  the  surface.  That  cl 
fication  is  retained  here ;  but,  instead  of  considering  the  composition 
shall  now  discuss  the  petrological  characters  of  the  rocks  of  each  divit 
under  the  heads  Intrusive  and  Interbedded. 

L  INTBITSIVB   OB   SUBSEQUENT   TBAP-BOCKS. 

A.  CRYSTALLINE. 

If  the  student  has  mastered  the  description  of  the  crystalline  t 
rocks  already  given,  he  will  recognise  that,  possessing  the  one  com 
character  of  having  solidified  from  an  original  melted  condition,  i 
may  occur  either  as  intrusive  or  as  interbedded  masses.  There 
some,  however,  which  are  never  met  \^ith  but  in  one  of  these  fo 
others  which  usually  occur  in  the  other,  and  some  which  may  b€ 
countered  indifferently  in  either.  The  diorites,  for  example,  are  al> 
intrusive  rocks.*  The  basalts,  on  the  other  hand,  usually  form  ii 
bedded  sheets  and  beds,  though  often  found  also  in  intrusive  posit: 
The  felstones  occur  sometimes  in  the  form  of  interbeddeil  sheets, 
sometimes  in  intrusive  veins  or  masses.  In  Britain,  as  a  rule, 
coarsely  crystalline  varieties  of  trap  are  of  intrusive  character,  w 
the  interbedded  traps  are  commonly  finer-grained  and  often  amygdolo 
To  this  general  rule,  however,  there  are  so  many  exceptions,  that 
student  would  not  always  be  safe  in  pronouncing  a  particular  rock  t 
certainly  intrusive  or  otherwise,  merely  from  its  texture,  and  will 
reference  to  the  geological  stnicture  of  its  locality ;  a  little  prac 

*  TliAt  ifl,  of  eoane,  when  they  we  not  V>  ^>e  Tt9!iac^«4.  %»  ol  T&xX»x&si\^i!^^  ws^ 
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will  enable  him  to  deeide  with  tolerable  accuracy  in  this 

atnuiTe  ebanieter  of  tap-rocks  may  be  examined  under  two 
In  the  first  place,  we  may  consider  the  origin  of  rocks  which 
if estly  solidified  at  a  great  depth  beneath  the  snr&ce,  and  which 
>nnected  with  the  fusion  and  alteration  of  subterranean  masses 
le  process  of  Metamorphism,  In  the  second  place,  we  may 
er  masses  which  probably  solidified  at  a  less  depth,  and  indi- 
ixtravasation  of  molten  rock  to  the  surface.  In  the  former 
?e  deal  with  what  may  be  called  Plutonic  trap-rocks,  and  in 
1  with  rocks  which  are  downward  prolongations  of  the  yolcanic 
s.  This  is  a  distinction  which  can  be  readily  recognised  in 
ough  not  always  yeiy  easy  to  observe  in  practice.  Our  know- 
3ed  of  metamorphism  and  its  cognate  subjects  is  still  so  vague, 
ndy  of  the  deep-seated  trap-rocks  is  surrounded  with  much  difi* 
he  following  observations,  therefore,  are  designed  to  make  the 
M^uainted  simply  with  the  petrological  relations  of  these  rocks, 
rith  the  forms  which  they  assume  as  rock-masses,  and  the 
1  which  they  are  related  to  other  rocks  with  which  they  come 
.  We  shall  not  attempt  in  this  place  to  decide  which  masses 
iginal  upward  prolongation  and  connection  with  true  volcanic 
I  which  resulted  entirely  from  deep-seated  or  plutonic  action, 
be  those  features  which  must  be  imderstood  before  any  theory 
in  can  be  reasoned  on. 

Qtnision  of  melted  rock  among  other  rocks  within  the  earth's 
been  governed  by  one  general  law — viz.  that  the  melted  rock 
ids  to  find  escape  along  the  lines  of  least  resistance.  In  many 
:an  determine  what  the  lines  of  resistance  were.     Sometimes 

lines  of  fault  or  fracture,  sometimes  lines  of  bedding,  some- 
'3  of  valley,  or  of  some  particular  formation.  In  other  cases 
were  many,  or  complex,  or  such  that  we  cannot  now  trace 

lit'ill  be  seen  that  these  features  conveniently  determine  for 
-augement  of  the  crystalline  intrusive  trap-rocks,  which  it  is 
to  follow  in  the  following  pages.  According  to  the  nature  of 
f  escape  along  which  the  melted  rock  was  intruded,  we  have  a 
is  Masses,  jS  Sheets,  y  Dykes  and  Veins,  and  d  Necks, 

a.  Amorphoiia  MasseB. 

iny  regions,  diorite,  felstone,  and  some  of  the  earlier  doleritic 
ve  broken  through  older  formations  in  such  an  irregular 
.nd  in  such  volume,  that  they  now  show  above  ground  in  the 
uge  amorphous  masses.  Their  boundaries  at  the  suifiBiAQ  8X^ 
isa  indeterminate,  and  when  we  can  discover  any  sectioii  diow^ 
elation  to  the  rocka  around  them,  we  find  the  lattot  \>tcikis&. 
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and  altered.  Strata  are  abruptly  truncated,  and  veins  from  the  intra- 
Biye  rock  are  often  found  penetrating  between  and  among  them  (Fig. 
08).      Sandstone,  as  it  approaches  the  junction,  becomes  harder  and 


8. 


8 


O 

Fig.  98. 
Amoiphona  Grecnitono  Mms  (O)  of  Cndg-dat-Eithan,  Wales,  cutting  througb  Lover 

BiloriAQ  rocks  (U).    [ProC  lUmsay.] 

passes  into  quartz-rock.  Shale  gets  more  and  more  indurated,  till  it 
takes  the  form  of  porcelain-jasper,  or  some  of  the  other  varieties  of 
altered  argillaceous  rocks.  Limestone  becomes  much  harder  and  more 
granular,  sometimes  passing  into  marble,  and  sometimes  becoming 
veined  with  serpentine,  and  undergoing  dolomitisation.  Perfect  crystal?, 
as  of  garnet,  analcime,  pyrites,  calcite,  etc.,  are  also  sometimes  deve- 
loped in  the  altered  rock. 

Such,  in  especial,  is  the  character  of  the  diorites,  felstones,  and 
quartziferous  porphyries  of  the  palaeozoic  formations.     In  Wales,  for 
example,  the  Lower  Silurian  rocks  are  pierced  by  huge  masses  of  diorite 
(greenstone),  which  sometimes  run  for  some  distance  along  the  line  of 
strike  of  the  stratified  rock,  and  then  break  abruptly  across  it     These 
masses  are  frequently  found  to  branch,  and  the  rocks  which  they  traverse 
have  been  greatly  altered  by  them.    Conspicuous  examples  are  furnished 
in  the  Breidden  Hills,  Comden  Hill,  and  Craig-das-Eithan  (Fig.  98). 
Of  the  greenstones  in  the  Snowdon  district  Professor  Ramsay  remarks, 
"  it  seems  probable  that,  like  the  great  lines  of  greenstone  between 
Llanberis  and  Ffestiniog,  and  between  Moelwyn  and  Nant  Gwynant, 
their  tendency  has  been  to  force  their  way  in  between  the  lines  of 
bedding  ;  but  from  causes,  difficult  or  impossible  to  trace,  they  have 
also  branched  underground  hither  and  thither  with  considerable  irregu- 
larity, and  now,  when  exposed  by  denudation,  crop  out  apparently  in  8 
capricious  manner." *     Some  of  the  Welsh  greenstones  are  amygdaloidal 
— a  circumstance  which  may  perhaps  connect  them  with  volcanic 
phenomena.     Sometimes  they  are  columnar. 

In  the  Lower  Silurian  and  Old  Red  sandstone  formations  of  Scot- 
land, large  masses  of  felstone  and  various  porphyries  have  been  intruded 
among  the  strata.  In  the  Carboniferous  formation  of  the  same  kingdom 
a  similar  part  is  played  by  doleritic  trap-rocks,  and  sometimes,  as  in  the 
neighbourhood  of  Edinburgh,  by  diorite.  t 

*  Mtm.  Oeol.  Surv.,  vol.  ill.,  p.  128.    See  also  Sir  R.  Marchison's  Siluria,  chap,  iv.,  tixl 
Caialogue  qfBoch  Spechiunt  in  Jermyn  Street  MvMvm,  ^.  ft»  tt  •«q. 
f  See  Catalogue  <ifBoek  Spteimnt  in  tX«  EdinburgX  Muwum, 
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Koda  <rf  Oooimwia*.— Among  the  line»  of  weak  reaUtanoe  to  the 
pmage  of  iDtrasiTe  tnp,  none  luve  been  more  constantiy  mode  uBe  of 
tban  those  fumuhed  hj  the  divuional  planes  of  Btratification.  When  a 
HUH  of  melt«d  rock  has  been  intraded  between  the  planes  of  bedding  of 
ttnta,  it  takeB  the  form  of  a  Bheet  oi  bed,  varjii^  in  thicknem  &om  less 
than  a  foot  to  Beverol  hundred  feet.  SometimeB  this  haa  been  effected 
in  each  a  way,  that  in  the  parts  now  visible  no  disturbance  of  the  strata 
can  be  detMted,  the  intruded  rook  Ijnng  regnlarly  and  conformably 
be(T«en  them,  as  if  it  formed  an  original  part  of  the  seriea  (Fig.  99). 


FLg.». 

Intioiln  iheeU  oMolttlte  (nulipbjn).    EdlDbarglu 

<%.  Hbeet  forming  8t.  Leonud'i  Cng*.  b.  Bbeet  fOnuiDg  Sulllbnr;  Cngl. 

Hum  two  tbtelt  came  together,  and  form  the  thick  raitij  colunuiir  idbh  of  S(UD»OIi'J 

"■^(4  It  Hill  b«  olKrved  that  theieiheeti  partly  coDfonn  tothe  bedding  of  tbtcatboii- 

ftum  ludMonM  *ud  ahilei  (il),  ud  putlr  cat  irnM  Ihsm. 

In  nch  cases  great  care  is  required  to  make  it  certain  that  the  rock 
nsUy  is  intrusive.  Yet,  if  the  student  euimincH  the  linea  of  Junction 
of  the  upper  and  under  sides  of  the  trap-rock  with  the  contiguous 
ttniA,  he  will  find  that  the  strata  have  been  hardened  for  some 
■Bchea,  or  even  sometimes  for  some  feet,  away  from  the  intrusive  sheet 
^  is  particnlarly  to  be  searched  for  along  the  upper  surface,  for  if 
lb  strata  lestii^  upon  that  surface  are  altered,  it  is  dear  that  the 
ti^  is  intmsive  and  subsequent.  This  is  an  infallible  test  of  the 
intrasiTe  character  of  a  trap-rock.  It  very  commonly  happens,  more- 
^"V,  that  the  texture  of  the  trap  becomes  much  more  compact  towards 
it>  contact  with  the  stratified  rocks — a  circumstance  which,  when  it 
Mcnn  along  the  upper  surface,  helps  to  prove  the  introsive  character  of 
>U  mass.  We  shdl  see,  in  a  snbaequent  part  of  this  Chapter,  that  truly 
nteibedded  tiap-rocka  do  not  usually  become  finer-grained  along  their 
Kffa  surface,  but  have  a  totally  different  character.  The  change  in 
<ettan  is  probably  due  to  the  more  rapid  cooling  of  the  edges  of  the 
iiulted  mass  by  contact  with  the  strtj^  among  which  it  waa  thrust, 
*lule  the  central  portions^  cooling  ntoie  dowlj,  assumed  a  moie  dirianGlCVy 
ojttalline  ter/om. 
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A  perfect  conformity  with  the  bedding  abo^e  and  below  is,  how* 
not  the  rule  with  intrusive  sheets.  More  usually,  while  conformii 
it  in  a  general  way,  they  are  found  here  and  there  cutting  a 
one  or  more  beds  (Fig.  100),  catchiug  up,  involving,  and  "bak 
portions  of  them,  and  sometimes  breaking  away  altogether  from 

,  previous      co 

J i  I  i    1 


/ 


.t:      t 


I>1g.  100.    (From  previous  ecDtfon  of  thl*  Manu*l. } 

8.  Stratifled  rock. 

t.  Trap  running  partly  between,  partly  aeross  the  beds. 


striking  acros 
beds,  and  taki 
new  line  alon; 
strike  of  a  diif 
part  of  the  s 
These  irregula 
show  at  a  g 
that  the 
which  display 
have  been  inti 
along  and  aero.' 
planes  of  hex 
of  the  8tra 
formationF. 


Some  continental  geologists  make  a  difficulty  in  allowing  the 
intrusive  character  of  many  such  sheets  from  their  great  thickness 
depth  of  rock  which,  on  the  supposition  of  their  intrusion,  must 
covered  them,  and  the  absence  or  trifling  nature  of  the  observable 
turbance  of  the  strata  overlying  them.  If  we  could  attach  any  w 
to  the  objection  on  the  score  of  the  thickness  of  the  mass  and 
enormous  pressure  of  the  overlying  rocks,  we  might  on  the 
ground  deny  the  possibility  of  volcanic  eruptions ;  while  the  j 
amount  of  disturbance  sometimes  effected  on  the  under  surface  o 
overlying  beds  is  not  more  than  we  might  reasonably  expect  occasio 
to  happen  when  a  mass  of  molten  rock  forced  itself  along  a  yie 
bedding-plane  between  two  groups  of  compact  strata. 

liithological  Character. — AU,  or  almost  all,  the  varieties  o 
crystaUine  trap-rocks  may  be  foimd  in  the  form  of  intrusive  sheets, 
diorites  of  Wales  commonly  occur  as  long  bands  which  have  risen 
the  strike  of  the  strata.*  The  intrusive  felstones,  minettes,  and  syc 
of  the  Silurian  region  of  the  south  of  Scotland  have  been  thrust ; 
the  line  of  bedding,  and  may  sometimes  be  traced  for  miles  rui 
parallel  with,  but  often  breaking  into,  the  greywackes  and  shales  a: 
which  they  lie.  The  diabases  and  doleritic  rocks  of  the  Carbonif 
formation  of  Scotland  occur  abundantly  as  intrusive  sheets  amon 
sandstones,  shales,  and  other  strata  ;  and,  as  they  are  much  harder 
the  latter,  they  tend  to  stand  up  in  prominent  crags.      The  i 

*  See  Professor  BuoMy*!  VeDio\i  oiL'KotOx'^«\«a.  licm.  Q«xA^  Bahto.^^^^v.  ul. 
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■ipmeiit  of  Salubiuy  Cagt,  at  Edinbnigh,  is  a  iamiliar  illiutretioii 
.Fig.  98). 

TwiatUa  of  Btrnstiua  Mid  Taxtore. — Trap-rocki  which  occur  bb 
ODTe  eheeU  ttare  tuiwllf  an  amorphous  internal  Ettucture — that  ia 
»y,  thej  are  divided  more  or  leas  irregnlBrl;  by  Joints,  but  have 
Ignite  and  regular  lines  of  dirision.  Sometiiaea,  however,  as  ia 
case  of  the  Welsh  gieenstoues  aboTe  mentioned,  they  are  columnar, 
even  abow  curved  columui,  as  in  the  basalt  of  Sloffordshite  (Fig. 
).     Occaaionallj  they  assume  a  mdely  fissile  character,  as  in  some 


ijwct  felstones.  They  are  fretinently  porphytitic,  and  tliia  ia 
tcidly  true  of  the  felspalhic  series.  Barely  they  are  aniygdaloidal. 
a  rule,  the  central  parts  of  a  sheet  are  larger  (,'niincd  than  the 
M.  This  may  often  be  strikingly  seen  among  the  dark  aut-ilic  rocks, 
jre  the  exterior  (upjier  or  under)  portions  become  more  and  more 
ipact,  until  the  individual  cr^-stals  can  no  longer  be  recopiisod,  and 
rock  pajises  into  a  close-giained  diabase  or  nielophyre.  Tliis  change 
slMiaily  Iwen  alluded  to  as  probably  due  to  a  more  rapid  cooling  of 
K  doee-grained  external  parts.  In  caaea  where  the  trap  has  come 
conlact  with  highly  femiginous  or  calcareous  rocks,  it  lias  often 
l*rgone  a  further  change  from  a  scries  of  chemical  reactions.  The 
I  or  lime  has  been  infiltrated  into  its  outer  [Mirts,  whith  arc  found 
*  often  veined  with  hematite,  cak-spor,  or  Btrpeutinc.  Still  more 
king  ia  the  chanfje  effected  upon  doli-ritic  rocks  from  coul&d.  mlii 

*  From  Juiet' Sckuellfaniml  B/OtdonM  Fit-  ^- 
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carbonaceoDS  shale  and  coaL  The  trap  in  anch  c&ua  is  converted 
a  soft  white  or  yellow  wacke  or  clay  for  some  inches  from  the  e 
and  if  the  sheet  happens  to  be  only  a  foot  or  so  thick,  and  to  I 
been  intruded  slung  the  lines  of  parting  of  &  coal-eeani,  it  ms; 
Connd  completely  altered  from  one  side  to  the  other.  Such  alb 
tiap  was  referred  to  in  Chapter  V.  (p.  lOS),  as  occurring  in  Suffoida 
under  the  name  of  "  white  rock."  It  is  likewise  abundant  in  Aynil 
In  that  coalfield  the  intrusive  sheets  in  many  cases  have  chosen  tl 
paths  along  the  course  of  coal-seama,  probably  because  these  tet 
offered  less  resistance  to  their  paaaage  ttum  the  more  stubborn  sa 
stones  and  shales. 

"  OontamporaQAOus  Veins." — It  is  not  nncommon  U>  find  intra 
sheets  of  crystalline  trap-rock  traversed  by  long  narrow  brand 
veins  of  the  same  rock  as  the  rest  of  the  mass,  but  distinguished  f 
the  rest  by  being  lighter  or  darker  in  colour,  coarser  or  finer  in  gr 
more  or  less  porphyritic,  or  with  a  greater  predominaDce  of  one  of 
component  minerals.  These  veins  are  often  met  with  among  the  hi 
blendic  and  augitic  traps.  They  vary  in  thickness  from  an  inch  ur 
to  a  foot  or  more,  and  commonly  tend  to  mn  in  a  general  way  pan 
with  the  bounding  surfaces  of  the  mass  in  which  they  occur.  ' 
subjoined  sketch  (Fig.  102)  illustrates  the  way  in  which  these  vi 


"  Conteniponneani  n 


uEdlDbui^ 


occur  in  a  large  intruded  sheet  of  diorite,  which  lies  among  the  et 
stones  of  the  lower  carboiiiferonB  fonnation  near  Edinburgh, 
name  "  contemporaneous  veins  "  was  given  to  such  intruded  veins 
threads  by  the  Wemerian  geologists  in  the  early  part  of  this  cent 
nnder  the  belief  that  they  were  all  deposited  from  aqueous  soluti 
along  with  the  crystalline  masses  in  which  they  are  found.  We  ! 
mtain  the  uame,  but  for  the  purpose  of  expressing  that  the  v 
belong  to  the  same  intrusion  aa  *ii«  maww^W^i  •wn.Xsaa.'iiaia.    1 
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in  eertain  eases  to  ha;ve  been  produced  from  some  movement  of  the 
i  mass  daring  consolidation,  whereby  yet  fluid  portions  were  in* 
L  along  cracks  or  between  diyiuonal  planes  of  the  mass.  In  other 
dees,  where  they  are  found  to  merge  into  the  surrounding  rock 
;  both  their  bounding  surfaces,  tiiey  rather  suggest  the  idea 
egiegation  and  crystaUisation  of  the  minerals  along  particular 

iMentfon  of  Stratifled  Books. — The  effects  produced  by  intrusiye 
to  upon  the  stratified  rocks  with  which  they  have  come  in  contact 
pBoally  similar  to  those  already  referred  to  as  characterising  the 
idtry-lines  of  amorphous  masses.    They  differ,  however,  in  this 
pMk,  that  we  have  often  before  us  a  more  decided  intrusion  and  pro- 
RBd  line  of  contact  when  we  examine  the  behaviour  of  an  intrusive 
it  Ihe  melted  rock  has  come  into  more  intimate  relations  with 
'  totified  beds,  and  the  phenomena  of  alteration  by  heat  are  thus 
to  Msily  followed  into  detidL     When  a  sheet  of  diorite,  melaphyre,  or 
M  tnp-rock,  has  been  intruded  among  sandstones,  the  latter  are 
ttHj  hardened  along  the  junction  to  a  depth  varying  from  an  inch 
hro  up  to  several  feet.     This  induration  has  sometimes  proceeded 
Gtf  fts  to  convert  the  rock  into  a  quartzite.     Sometimes,  besides  the 
antion,  the  sandstone  has  hod  a  system  of  prismatic  joints  super- 
need  upon  its  structure,  whereby  it  splits  off  in  colunms,  the  ends 
he  columns  springing  at  a  right  angle  from  the  surface  of  the  sheet, 
he  same  way  that  a  columnar  structure  is  found  sometimes  gene- 
d  in  the  sandstone-slabs  used  to  line  furnaces.     Shale  is  likewise 
iened,  and  sometimes  converted  into  a  kind  of  porcellanite  or  flinty 
e.    The  shales  traversed  by  the  diorite  sheets  of  Wales  are  changed 
>  a  hard  rock  used  for  honestones  ;  and  the  famous  ^*  Water-of-Ayr 
ne  **  is  likewise  a  shale,  probably  hardened  by  the  proximity  of  some 
tlie  great   sheets  of  dolcrite  by  which  the  Ayrshire  coalfield   is 
•Tened.    But  the  most  striking  cases  of  alteration  are  those  in  which 
e  theet  has  been  thrust  along  the  bedding  of  highly  carbonaceous  shale 
'  ot  coaL    The  dolerite  (or  melaphyre)  is  then  itself  altered  as  above  de- 
aibed,  and  the  best  coal-seam  is  so  changed  as  usually  to  be  rendered 
pite  voithless.     The  nature  of  the  change  varies  with  the  thickness,  and 
p*I»with  other  original  conditions  of  the  doleritic  sheet.     Most 
JJ!'*Q»tly  the  coal  is  foimd  first  to  become  hard  and  brittle,  passing 
JJj  *  kind  of  anthracite  or  **  blind-coal ;"  it  then  gets  more  and  more 
J^  «nd  friable,  until,  as  it  comes  near  the  dolerite,  it  is  a  mere 
l"*'*Ji  or  soot     Some  remarkable  instances  of  this  kind  occur  in 
f  *"Ui  Staffordshire  coalfield.     Fig.  103  represents  above  100  yards 
j^^enyaid  coal  in  the  Grace  Mary  Colliery,  where  the  coal  is 
|!r^    hj  sheets  and  strings  of  "  white  rock "  connected  with  the 
^^^^  of  that  district    The  coal  baa  there  '^  lost  its  bright  luStce 


-62 


GEOGNOSY. 


*r.o.  ;:»  i^4;lAr  *  face**  and  has  parted  with  mnch  of  its  Ht 
iriAnini*:  le   chdnoter,  and   more  nearly  resembles   anih 


r.\'7T<y:p7)!^ 


big-  103. 
Coal  aui«TV«l  by  *'  vhite-n.K*k**  trap.    South  Staffoztlahire. 
fl.  **  tTLiu-nvk"  mp.  h.  Altered  Coal.  c  Sao<! 

bituminous  ccol,  though  different  from  both,  being  often 
civlions  of  ii\^n  pyrites,  or  of  carboniite  of  lime,  or  other  m' 

In  the  AvT^hin?  coalfield  some  remarkable  cases  of  tl 
of  cv\il  ix'our,  where  the  ci^l  has  not  only  lost  its  oniin.i 
bituminous  chanu*ter.  but  has  assumed  a  fine  columnar  a 
Near  nalmolliiigton,  and  again  near  Kilwinning,  sheets 
Sometime:*  only  aK*ut  a  fo*A  thick,  have  been  injected  ab^ng 
of  a  oi^;\l-*faiu,  s<^  as  to  divide  tlie  s<*;iiu  into  two,  the  si^j^ara 
K'iiii;  each  rendennl  oi'luiimar.  The  columns  arc  five  an< 
about  the  thiokness  of  stout  jvncils,  and  diverge  fn»ni  th 
tlie  tnip  in  the  s;ime  way  that  the  much  larger  and  coarser 
sand<t«'»ne  do.+ 

Tliouch  i\»i\l  is  usuallv  found  to  be  considerablv  altei 
comes  in  contact  wiili  or  even  appix^aches  any  mass  of  intra 
rock,  yet  ca^es  oi\*ur  where  little  or  no  change  is  observa 
markable  t'xample  was  noticed  by  the  writer  at  the  Townli 
Dunfermline,  where  a  co;d-seam  has  been  worketl  up  to 
with  a  sheet  of  nielaphyre  for  a  nx^f.  The  coal  is  a  littl 
but  not  charred  or  rendereil  unworkable,  while  the  trap,  v 
central  parts  is  compact  and  finely  crystalline,  Wcomes  eai 
ture  where  it  meets  the  coal  Wlow  it  and  the  shales  above. 

It  is  wortliv  of  remark  that  when  a  coalfield  is  mu 
with  intnisive  sheets  of  trap-rock,  these  are  commonly  fou 
chosen  their  jiath  along  the  line  of  coal-seams — a  circumsta 
alluded  to  as  evidence  of  the  tendency  of  subterranean  igne 
escape  upwanl  along  the  lines  of  least  resistance.  In  one  t 
of  Liidithgowshire,  where  there  is  a  great  abundance  of  inl 
traversing  rocks  among  which  highly  bituminous  shales  and 
occur,  a  process  of  destructive  distillation  seems  to  have  I 

•  8ee  this  and  other  examples  described  hy  Mr.  Jukes  in  his  South  Si^ 
firhi^  L'd  edition  (.Vein.  Geol.  Surv.)  The  trap  whii.'h  destn^ys  the  coal  njfiil 
the  lanio  as  that  of  which  an  analysis  is  given  on  p.  105. 

t  See  Caialttgue  of  Rock  .Specimem  in  Edinburgh  MustHm,  p.  SI. 

t  See  item.  Geo!,  Surr.,  Geology  of  Etlin.,  p.  W,  note. 
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bejiniita  of  tlie  tandstane  ue  in  ooe  j^Ace  filled  with  asphaltnin, 
bile  petTolenm  oecnn  ia  globules  in  tiie  cavities  of  the  intrusive 
eke.  Kven  where  these  lubetances  cannot  be  detected,  the  dolerite, 
hen  freshly  broken,  baa  a  distinct  naphtba-like  odour,  as  if  the  melted 
ck  had  invaded  the  carbonaeeotw  beds  and  became  impr^nated  with 
e  producte  of  their  distillation.* 

7.  Dykas  and  Veins. 
It  freqnentlj  happens  that  the  line  of  least  resistance  to  the  np- 
ud  movement  of  melted  rock  beneath  the  surface  has  not  lain  along 
e  planes  of  stratification,  but  at  a  greater  or  less  angle  to  these  planes, 
ong  fissures  of  the  locka.  lu  such  cases,  instead  of  intrusive  sheets, 
•  have  dyia  and  veitit.  When  the  injected  mass  has  risen  along  an 
lened  fissore,  and  solidified  there  as  a  wall-like  intrusion,  it  is  called 
djke.  When  its  path  has  been  less  regularly  defined,  and  penetrates 
e  surrounding  rocks  in  a  wavy  thread-like  fashion,  this  irregular  pro- 
oaiou  is  called  a  win.  Between  these  two  forms,  however,  there  ia 
)  eneatial  difference  ;  many  djkes  send  out  veins,  and  sometimes 
bat  would  be  called  a  dyke  at  one  part  of  its  c^utse  passes  into  what 
onld  be  termed  a  vein  at  another.  A*  a  rule,  however,  we  may  say 
tat  veins  occur  in  the  vicinity  of,  and  in  connection  with,  large  intru- 
ve  masses  of  igneous  roclu,  wliile  dykes  frec^uently  abound  where 
lere  is  no  other  evidence  of  any  igneous  rock  at  or  near  the  su''-"" 


CambcUn  etmglomnmta.    Ills  of  Btukf. 


Veins  vary  in  siie  from  mere  strings  or  threads  up  to  br^clung 
Usees,  many  feet  or  yards  in  thickness.     As  abeady  remarked,  tte^ 

'  Am  Jftai.  Oni.  SIfrp.,  Otology  of  Sdln.,  p.  lU. 
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occur  most  commonly  in  connection  with  some  lai^r  intrusive  man, 
not  unfrequently  proceeding  &om  dykes.  They  can  seldom  be  traced 
far,  diifering  in  this  respect  very  markedly  from  dykes.  SometimeB 
they  are  found  to  rise  through  a  mass  of  rock  and  pass  into  an  OTe^ 
lying  sheet  of  trap,  as  if  they  had  been  the  pipes  or  channels  through 
which  the  sheet  had  been  erupted.  While  dykes  are  either  vertical  or 
highly-inclined  wall-like  masses,  veins  may  occur  at  any  angle,  or  may 
even  run  horizontally  between  strata,  as  if  they  were  themselves  bedfc 
Hence  veins  may  pass  into  intrusive  sheets.  It  often  happens  that 
veins  subdivide  into  two  or  more  branches,  whether  their  course  be 
vertical  or  horizontal. 

Dykes  vary  in  thickness  from  less  than  a  foot  to  seventy  feet  or 
more.  They  usually  ascend  either  vertically  through  the  rocks  which 
they  traverse,  or  at  a  high  angle.  Sometimes  they  cannot  be  traced 
horizontally  more  than  a  few  feet ;  in  other  cases  they  can  be  followed 
for  thirty,  forty,  and  even  sixty  miles.  Thus,  a  well-known  dyke  fifty 
or  sixty  feet  thick  extends  from  the  coast  of  Yorkshire  in  a  straight 
line  north-west  for  at  least  sixty  miles,  cutting  in  its  course  every  fo^ 
mation,  from  the  lower  Oolite  down  to  the  lower  Carboniferous.  How 
far  dykes  descend  into  the  earth  we  have  no  means  of  ascertaining,  and 
as  they  must  in  all  cases  have  risen  from  some  melted  mass  of  rock 
within  the  crust  of  the  earth,  there  is  no  reason  to  doubt  that,  if  we 
could  follow  them  downwards,  we  should  find  each  dyke  continuous 
imtil  it  passed  into  its  original  parent  mass. 

One  of  the  most  remarkable  features  of  trap-dykes  is  the  singular 
eveimess  of  their  sides.  As  a  rule,  they  rise  through  the  other  rocks 
literally  as  walls,  the  two  opposite  surfaces  of  each  dyke  running  as 
parallel  to  each  other  as  those  of  a  wall  of  masonry,  and  usually  much 
smoother  than  a  mason's  work.  This  feature  is  often  seen  to  striking 
effect  where  the  dykes  have  risen  through  shales  or  other  soft  rocks 
which  have  been  worn  away,  so  as  to  leave  the  intrusive  rock  standing 
up  as  tall  perpendicular  walls.  Such  is  the  case  in  the  Western 
Islands,  where  also  the  reverse  may  often  be  seen,  the  dykes  having 
decayed,  and  left  open  the  long,  deep,  and  narrow  rifts  which  they  once 
filled. 

While  instances  do  occur  in  which  the  dykes  have  filled  very  un- 
even fissures,  the  prevailing  regularity  of  their  thickness  and  direction 
tends  to  show  that  the  igneous  rock  has  not  itself  been  directly  the 
cause  of  the  fissures.  These  have  much  more  probably  been  due  to 
the  action  of  a  general  powerful  agency,  of  which  the  extravasation  of 
the  igneous  rock  is  only  itself  additional  evidence.  There  is  reason  to 
believe  that  in  many,  if  not  in  most  cases,  the  fissures  existed  before 
they  came  to  be  widened  and  filled  with  intrusive  rock,  so  as  to  become 
dykes.     This  is  especially  the  case  where  they  have  not  been  mere 
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lents  in  the  cnut  of  the  eaitli,  bat  rents  attended  with  the  upheaval  or 
depression  of  one  or  both  of  the  sides — that  is  to  say,  faults.  We  find 
djkes  coinciding  with  such  lines  of  fault,  but  in  such  a  way  as  to  show 
that  the  faults  are  of  older  date,  for  the  dykes  are  found  also  to  cross 
the  faults  without  being  deflected  thereby. 

Trftp-Dykes  of  Britain. — In  perhaps  no  part  of  the  world  can  these  and  the 
other  characterutic  features  of  trap-dykes  be  more  satisfactorily  studied  than  in  that 
area  of  the  British  Islands  which  extends  from  the  north  of  the  island  of  Skye  south- 
wards through  the  midland  and  southern  tracts  of  Scotland,  the  north  of  England, 
and  the  north-east  of  Ireland.  *  "  If,  starting  from  the  great  tertiary  basaltic  plateaux 
of  the  north  of  Ireland  or  of  the  Inner  Hebrides,  we  advance  towards  the  south-east, 
we  soon  observe  that  an  endless  number  of  trap-dykes,  striking  from  these  plateaux, 
extends  in  a  south-easterly  direction  athwart  our  island.  The  south-western  half  of 
Scotland  and  the  northern  parts  of  England  are,  so  to  speak,  ribbed  across  with 
thousands  of  dykes.  These  are  most  numerous  near  the  main  mass  of  igneous  rock, 
whence  they  become  fewer  as  they  recede  towards  the  North  Sea.  Usually  a  dyke 
cannot  be  traced  far  :  it  has  not  been  ascertained  that  any  single  one  can  be  fol- 
lowed completely  across  the  island,  though  the  well-known  Cleveland  dyke  in  the 
north  of  England  runs  for  at  least  60  miles,  cutting  in  its  course  Carboniferous, 
Pemuao,  Triassic,  Liassic,  and  Oolitic  rocks,  till  it  reaches  the  sea  on  the  coast  of 
TorkHhlre,  at  a  distance  of  more  than  200  miles  from  the  nearest  point  where  the 
sheets  of  Miocene  trap  are  now  visible.  In  Berwickshire  and  the  Lothians,  these 
B.  and  W.  or  N.W.  and  S.E.  dykes,  often  less  than  a  furlong  in  length,  are  well 
shown  ;  in  Ayrshire  they  become  still  more  numerous,  traversing  the  coalfield  and 
altering  the  coal-seams ;  in  Arran  and  Cantyre  their  number  still  increases ;  imtil, 
after  a  wonderful  profusion  of  them  in  Inlay  and  Jura,  they  reach  the  great  vol- 
caiuc  chain  of  the  inner  Hebrides.  From  their  manifest  intimate  connection  with 
ihixi  chain,  from  the  fact  that  they  cut  through  all  the  formations  they  encounter 
up  to  and  including  the  Chalk,  and  that  they  cross  faults  of  every  size  that  may  lie 
in  their  way,  these  dykes  are  regarded  by  the  writer  as  of  Tertiary  age.  If  this 
mference  is  sustained,  as  it  probably  will  be  by  a  more  detailed  investigation  of  the 
i»orth-westem  districts,  it  presents  us  with  striking  evidence  of  the  i)owerful  activity 
ttd  iride  range  of  the  volcanic  forces  in  our  country  during  the  Miocene  period. 

There  are,  perhaps,  few  parts  of  the  geology  of  the  country  so  hard  to 
understand  as  the  extravasation  of  the  thousands  of  dykes  by  which  the  north- 
western portion  of  this  island  is  so  completely  traver8ed.+  We  find  these  dykes 
risiog  to  the  surface,  and  extending  for  leagues  to  a  distance  of  fully  200  miles 
f^  the  nearest  point  of  the  basaltic  plateaux.  Did  they  reach  the  surface 
originally !  If  so,  were  they  connected  with  outflows  of  dolerite,  now  wholly 
removed  by  denudation  ?  I  confess  that  this  supposition  has  often  presented 
ita«lf  to  me  as  carrj'ing  with  it  much  probability.  It  seems  to  me  unlikely  that 
V)  many  thousands  of  dykes  should  have  risen  so  high  as  the  present  surface, 
fttaining  there  (as  shown  by  deep  mines)  much  the  same  proportions  as  they  show 

*  The  above  remarks  in  small  tyi>e,  upon  the  trap^ykes  of  Britain,  are  ftrom  the  PtmI- 
teitial  Address  to  Section  C  of  the  British  Association,  1867.    Dundee. 

t  BoaA  felt  this  diflScnlty,  but  he  conceived  that  the  flssures  had  been  filled  from  above 
^  masses  of  bajtalt,  emx>ted  at  different  points,  and  spreading  over  the  country,  though 
tow  removed  by  denudation.  He  says—"  Nous  croyona  infinlment  probable  que  ces  fllons 
ODt  tons  ^t^  fonnto  de  m^me  [i.  e.  remplis  par  ties  courans  de  lave  dans  leur  niarchej,  malgr6 
Ittgnuides  destructions  qu'  entraine  cette  supposition,  et  que  rarement  il  y  en  a  en  qucl- 
qoM-ons  qui  ont  6t6  remplis  lat^ralment  ou  de  ditfi&rentes  mani^res  bizarres."  —  CM. 
d^Beom,  p.  272. 
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many  fathoms  down,  and  yet  that  none  of  them  should  have  reached  the  sniftoe 
which  existed  at  the  time  of  eruption.  I  regard  it  as  much  more  probable  thit 
some  of  them,  at  least,  rose  to  daylight,  and  flowed  out  as  couliesy  even  over  ptits 
of  the  south  of  Scotland  and  north  of  England,  where  all  trace  of  such  suifaoe 
masses  has  long  been  removed.  Some  of  the  surface -masses  of  dolerite  in  these 
districts  may  indeed  be  of  Tertiary  age  ;  yet  the  proofs  which  the  great  Miocene 
basaltic  plateaux  present  of  enormous  denudation  are  so  striking  as  to  make  the 
total  disappearance  of  even  wide  and  deep  lava-currents  quite  conceivable. 

But  a  much  more  serious  diflSculty  remains.  These  dykes,  as  a  rule,  do  not  cone 
up  along  lines  of  fault,  yet  they  preserve  wonderfully  straight  courses,  even  acroei 
fhu^tured  and  irregular  strata.  Each  dyke  retains,  as  a  rule,  a  tolerably  unifoim 
breadth,  and  its  sides  are  sharply  deflned,  as  if  a  clean,  straight  fissure  had  been 
widened  and  filled  up  with  solid  rock.  More  than  this,  they  are  found  cutting 
across  large  faults  without  any  deflection  or  alteration.  In  short,  no  kind  of 
geological  structure,  no  change  in  the  nature  of  the  rocks  traversed,  seems  to  make 
any  difference  in  the  dykes.  These  run  on  in  their  straight  and  approximately 
parallel  courses  over  hill  and  valley  for  miles.  The  lai^er  faults  of  this  countiy 
tend  to  take  a  north-easterly  trend,  and  correspond  in  a  general  way  with  tlM 
strike  of  the  formations.  At  right  angles,  or  more  or  less  obliquely  to  these,  an 
numerous  faults  of  lesser  magnitude,  which  follow  roughly  the  dip  of  the  rock& 
But  though  these  different  systems  of  fissures  already  existed,  and,  as  we  migM 
suppose,  would  have  served  as  natural  pathways  for  the  escape  of  the  subterranean 
melted  rock  towards  the  surface,  the  latter  rose  through  a  new  series  of  firactures, 
often  running  side  by  side  with  those  of  older  date.  How  were  these  new  frac- 
tures produced,  and  how  is  it  that  they  should  run  through  all  formations,  up  to 
and  including  the  older  parts  of  the  Miocene  basalts,  not  as  faults,  with  a  throw 
on  one  side,  but  as  clean  straight  fissures,  with  the  strata  at  the  same  level  on  each 
side  ?  I  do  not  pretend  to  answer  these  questions.  Let  me  only  remark  that,  had 
the  trap-rock  been  itself  the  disrupting  agent,  it  would  have  risen  through  the  older 
fractures  which  already  existed  as  the  planes  of  least  resistance.  The  new  fissures 
must  be  assigned  to  some  far  more  general  force,  of  the  action  of  which  the  trap 
itself  perhaps  furnishes  additional  evidence." 

Ijithologioal  obaraoters  of  Trap-dykes  and  Veins. — The  rocks 
which  occur  in  the  form  of  dykes  are  usually  of  the  pyroxenic  division 
^-dolerite,  melaphyre,  or  diabase.  More  rarely  diorite  is  found  in  this 
form,  and  still  more  uncommonly  members  of  the  felspathic  divisioiL 
All  these  rocks,  however,  occur  as  veins. 

As  in  intrusive  sheets,  the  internal  parts  of  dykes  are  usually  more 
coarsely  crystalline  than  the  outer  portions.  They  are  occasionally 
minutely  amygdaloidal,  the  kernels  being  arranged  in  lines  parallel 
with  the  sides  of  the  dyke.  Such  lines  of  kernels  are  most  marked 
along  the  centre  of  the  dyke,  and  diminish  in  number  and  in  the  size 
of  the  kernels  as  they  approach  the  edges.  Among  dykes  of  dolerite 
the  closeness  of  grain  sometimes  proceeds  to  such  a  degree  that,  along 
the  outer  surfaces,  the  rock,  where  it  comes  in  contact  with  the  sur- 
rounding rocks,  passes  into  a  black  glassy  or  pitch-like  substance,  called 
tachylite.  This  external  coating  varies  from  a  mere  film  up  to  nearly 
an  inch  in  thickness.  It  has  been  confounded  with  pitcbstone,  which 
externally  it  closely  resembles,*  but  true  pitchstone  is  a  highly  siliceous 

*  This  mistake  has  been  made  by  even  so  good  a  mineralogist  as  Dr.  Macculloch.    See 
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rock,  while  tachylite  is  qaite  basic.  The  latter  is  the  glassy  form  of 
iolerite  (or  basalt),  while  the  former  is  the  glassy  form  of  felstone  or 
me  of  the  acidic  rocks.  The  glassy  film  ou  the  edge  of  these  dolerite 
lykes  is  probably  due  to  the  rapid  cooling  of  the  mass  where  it  came 
n  contact  with  the  surroonding  rock.  Reference  has  already  been 
nade  to  the  artificial  fusion  of  a  doleritic  rock,  and  the  production 
>f  a  black  pitchstone-like  glass  by  quick  cooling.*  Sometimes  the 
ine  of  fissure  occupied  has  served  for  more  than  one  protrusion  of 
gneous  rock.  This  gives  rise  to  what  may  be  termed  a  compound 
lyke,  where,  instead  of  one  rock  occupying  the  whole  of  the  fissure, 
here  are  two  or  more  parallel  strips  of  different  rocks.  This  may  be 
loticed  among  the  tertiary  dykes  of  Skye  and  other  parts  of  the  Western 
Sighlands.  The  same  dyke  sometimes  contains  dolerite  and  basalt,  or 
lolerite  and  syenite,  the  one  rock  having  been  injected  after  the  injec- 
ion  and  consolidation  of  the  other. 

Varieties  of  Struoture. — In  some  cases  it  happens  that  a  dyke 
ronsists  of  an  amorphous  mass  of  rock,  with  no  very  well-marked 
livisioiial  planes.  But  as  a  rule  dykes  are  traversed  by  joints,  of  which 
two  sets  are  often  well  developed,  one  crossing  the  dyke  from  side  to 
edde,  at  right  angles  to  its  course,  the  other  running  parallel  with  the 
length  of  the  dyke.  These  two  systems  are  perhaps  better  displayed 
in  dolerite  dykes  than  in  dykes  of  any  other  rock.  The  longitudinal 
series  is  now  and  then  so  strongly  marked  in  these  dykes  that  the  rock 
looks  as  if  it  consisted  of  a  series  of  thin  strata  placed  on  end.  A  less 
CTimmon  feature,  but  one  wliich  is  also  more  frc(|uent  among  dykes  of 
dolerite  or  basalt,  is  the  columnar  structure.  When  a  dyke  shows  this 
structure,  the  columns  (hexagonal  or  polygonal,  or  sometimes  rather 
irregular)  strike  at  a  right  angle  from  the  cooling  surfaces,  that  is  from 
each  side  of  the  dyke,  inwards  towards  the  centre.  Sometimes  the 
columns  do  not  reach  the  centre,  which  shows  an  irregularly  jointed 
rtmcture.  In  other  cases  they  meet  in  the  centre,  but  not  symmetri- 
cally, those  from  the  one  side  not  being  continuous  with  those  from 
the  other,  but  joining  them  along  a  more  or  less  irregular  and  indefinite 
hne.  But  in  some  examples  each  column  or  prism  can  be  followed 
completely  across  the  dyke  from  side  to  side.   The  columns  are  of  course 

his  CUuHJUicUion  of  Rocks,  p.  526.  Professor  Jameson  has  committed  the  (tame  error  la 
bit  Gtoiogy  of  Dumfriesshire  (p.  115),  where  he  speaks  of  pitchstone  passing  into  basalt 
tmoog  the  Silurian  rocks  of  Galloway. 

•  The  experimenU  of  Sir  James  Hall,  in  the  early  part  of  this  century,  were  the  earliest 
is  which  physical  and  chemical  research  was  employed  in  the  service  of  geology.  He  Aased 
Sttamher  of  the  "  whinstoncs,"  or  augitic  trap-rocks  of  the  neighbourhood  of  Edlnbuigh, 
sad  produced,  by  rapid  cooling,  a  black  glass,  and  by  slow  cooling  a  crystalline  man 
ekMcIy  resembling  the  original  rock.  In  his  remarkable  memoir,  in  which  these  experimenU 
were  described  (Trans.  Roy.  Soc.,  Eklln.,  1798,  vol.  v.,  p.  43),  ho  referred  to  the  occurrence  of 
s  Titreous  external  surface  on  some  of  the  dykes  of  Monte  Somma  observed  by  himself.  The 
same  experiments  have  since  been  repeated  with  similar  results. 
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boriiantai  when  the  dyke  is  vertical^  jiut  m  tliej  ue  vertical  when  tk  < 
sheet  Off  bed  in  which  they  occur  is  hoxi«mtaL  In  either  cue  A^ 
spring  from  the  planes  of  cooling,  which  in  the  dyke  are  its  twDwtIH| 
and  in  the  sheet  its  upper  and  under  snr&ees.* 

Alteration  of  Oontlgiioiu  Books  hr  Dykes  and  Veins. — The 
appearances  of  metamorphism  are  often  visible  along  the  edges  of  4^1 
as  already  mentioned  in  the  case  of  amorphous  masses  imd  intr ' 
sheets.    The  most  common  change  is  the  hardening  of  the 
rocks,  shales  passing  into  porceUanite  or  flinty-sU^  sandstonM 
quartzite,  and  so  on.    Sometimes  a  columnar  structure  is  devekped 
the  rocks,  as  in  the  sandstone  next  a  dolerite  dyke  near  Glasgov. 
Buffeis  gieatly,  being  converted  into  a  kind  of  soot  close  to  the 
into  chaired  cinder  or  **  clinker"  a  little  further  off,  then  into  "1 
coal,"  or  a  form  of  anthracite,  until  the  ordinary  character  of  thei 
is  resumed,  but  sometimes  not  at  a  less  distance  than  thirty  or  foit^  ] 
Kew  minerals  are  likewise  developed  under  favourable 
Calc-spar,  bitter  spar,   garnet,  analcime,  galena,  pyrites,  and 
minerals  are  occasionally  found  well  cr3r8tallised  in  the  rocks  boidein| 
a  dykct     Cases  abound,  however,  where  the  amount  of  visible  alte* 
tion  along  the  sides  of  dykes  is  very  trifling,  or  where  no  alteration  cli 
be  detected  at  all.     The  lias  shales  of  Pabba,  in  the  Inner  Hebrides,  irt 
traversed  by  many  basalt  dykes,  but  tbey  are  scarcely  even  a  littli 
hardened.     These  variations  would  largely  depend  upon  the  nature  vA 
condition  of  the  rock  to  be  operated  upon,  as  well  as  on  those  of  thi 
heated  rock  or  vapours  which  rose  through  the  fissure. 

It  sometimes  happens  that,  as  a  result  of  great  denudation,  the  p{ 
or  orifice  is  disclosed  by  which  sheets  of  melted  rock  or  showers  of  do 
and  stones  have  been  ejected  from  below — in  other  words,  the  chimn* 
of  the  old  volcano.  Such  orifices  are  not,  however,  now  empty,  but  a 
always  filled  with  some  kind  of  trappean  material  In  this  conditii 
they  are  called  necis.  They  may  be  choked  up  either  with  some  foi 
of  crystalline  or  of  fragmental  rock,  according  to  the  nature  of  the  fin 
eruptions.  They  are  usually  of  an  oval  or  irregularly  rounded  form  < 
the  surface,  and  vaiy  in  breadth  from  a  few  feet  to  two  or  tbr 
hundred  yards.  They  of  course  descend  to  an  unknown  depth  belo 
and  they  must  once  have  risen  higher  than  the  present  surface,  which 
one  of  extensive  denudation.  As  it  is  only  owing  to  the  results  of  d 
nudation  that  any  are  visible  at  all,  the  number  we  can  see  must 
very  much  smaller  than  the  number  buried  under  overlying  rocks. 

Where  no  important  subsequent  distiurbance  of  the  crust  of  t 
earth  has  taken  place  at  the  locality,  a  neck  descends  vertically 

*  Bm  anl9,  p.  182.        f  See  Henslow,  CamMd^  Tram.  1.,  410 ;  Sedgwick,  Op.  eiL  ii^  1 
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J  Wk  into  the  interior  of  the  earth.  Eut,  if  anf  great  moTement  of 
ladn  has  happened,  the  neck  may  be  inclined  at  a  considerable 
t  Tith  the  horizon.  So  that  a  neck  coming  throiigli  horizontal,  or 
Ly  inclined  strata,  will  always  be  appro^timat*! y  vertical,  while,  if  the 
ft  are  subsequently  tilted,  the  neck  will  be  proportionately  inclined 
B  horizon,  though  of  comae  remainiiig  perpendictilAr  lo  the  bedding  of 
tiatified  rocks.  All  igneous  rodcn,  whether  interbediied  or  intrufflve, 
1  once  they  have  consolidated  into  rock-mas^ee,  are  subject  to  the 
g  cnbMquent  fractuies  and  tiltings  as  the  rest  of  the  crust  of  the  earth. 
Secki  sometimes  entirely  consist  of  felstone,  diorite,  melaphyre, 
fcyrite,  or  «ome  other  species  of  the  ciyatalline  trap-rocka.  In  ench 
I  the  rock  is  usually  more  compact,  and  occasionally  more  largely 
lalline,  than  the  sbeeta  of  the  neighbourhood.  At  other  times  the 
B  are  found  to  be  made  np  wholly  of  a  coarse  trappean  i^^glomerate, 
liich  large  blocks  of  melaphyre,  porphyrite,  etc,  ore  miugled  with 
Bents  of  the  contiguooe  or  under-lying  rocks,  in  a  rough  gravelly 

of  tiap-tu£  To  such  agglomerate  necks  maeses  of  singgy  mela- 
R  are  sometimes  found  adhering  eitemally,  indicating  the  nature 
Mne  of  the  previons  ejections  before  the  orifice  became  finally  chewed 
rith  the  coarse  volcanic  detritus. 

Vhere  a  section  of  the  rocka  amroimding  one  of  these  necka  can  be 
nined,  the  former  are  found  to  he  much  affected.  In  the  first  place, 
tnd  it  to  be  a  veiy  general  rule  that  strata  are  bent  down  so  as  to 
mio  the  neck  all  round  its  mar^n.  This  is  the  reverse  of  what  we 
bt  have  expected,  yet  it  has  been  found  to  be  almost  invariably 
case  wherever  the  writer  has  been  able  to  examine  the  line  of 
tion.  Id  the  second  place,  the  surrounding  rocks  are  altered 
mtly  by  the  influence  of  great  heat,  and  probably  too  of  gaseous 

other  vapoors.  Sandstones  are  hardened,  and  have  a  broken 
End  look  ;  shales  are  chained  into  jaspery  textures  ;  coal-seams  are 
iletely  charred,  and  destroyed  for  some  distance  round  the  neck. 


n  ^g.  105  is  shown  a  section  of  a  small  "  neck "  of  porphyrite 
■rer  carboniferous  sandstones  on  the  shore  near  the  mouth  of  the 
,  Haddingtonshire.*  The  way  in  which  the  beds  dip  ia  towards 
leck  can  be  examined  in  detfdl  along  the  beach, 

•  JftM.  Om.  0m.-OMlivr  <>"ut  i«tui^  p.  M 
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A— FRAGMENTAL. 

It  is  usual  to  exclude  altogether  the  fragmental  forms  of  trap  from 
ihe  intrusive  series.  Yet,  from  what  has  been  said  in  the  immediateij 
preceding  paragraphs,  the  student  will  perceive  that  fragmental  rocks 
occur  as  necks,  and  in  that  form  are  truly  intrusive  in  relation  to  the 
rocks  which  they  traverse.  The  intrusive  character  of  these  necks  or 
volcanic  orifices,  however,  differs  from  that  of  most  crystalline  intrusive 
trap-rocks,  inasmuch  as  the  necks  plainly  point  to  the  action  of  true 
volcanoes,  and  not  only  so,  but  show  us  the  nature  of  the  material  which, 
ejected  from  the  chimney  of  the  volcanic  focus,  fell  back  into  it  again,  and 
finally  consolidated  there,  so  as  to  fill  up  the  pipe,  while,  on  the  other 
hand,  the  portions  of  the  intrusive  crystalline  trap-rocks  now  visible  con- 
solidated at  some  depth,  and  did  not  reach  the  surface,  nor  in  many 
cases  were  connected  with  volcanic  action  at  all. 

The  fragmental  materials  filling  many  old  volcanic  chimneys,  and 
now  forming  necks,  consist  of  a  coarse  tumultuous  agglomerate.  The 
stones  vary  lithologically,  according  to  the  nature  of  the  crystalline  trap- 
rock  which  happened  to  be  in  fusion  below  at  the  time  of  the  eruptions, 
and  according  to  the  character  of  the  rocks  through  which  the  volcanic 
pipe  was  blown  open.  Sometimes  the  agglomerate  consists  of  blocks  of 
porphyrite,  red  sandstone,  red  marl  and  shale,  imbedded  in  a  rough 
paste  of  the  same  materials  still  further  comminuted.  In  other  places 
it  is  made  up  of  blocks  of  melaphyre,  diabase,  white  and  grey  sandstone, 
dark  shale  and  limestone.  In  the  broad  carboniferous  valley  of  Ay> 
shire  the  writer  has  found  even  a  fragment  of  granite  in  one  of  these 
agglomerates,  where  the  nearest  granite,  either  in  place  or  in  any  con- 
glomerate, must  be  at  a  great  depth. 

While,  probably,  most  necks  of  fragmental  materials  consist  of 
coarse  unstratified  trappean  agglomerate,  they  are  sometimes  composed 
of  finer  tuff,  and  in  such  cases  the  tuff  is  partly  stratified.  The  strati- 
fication, however,  is  of  a  most  remarkable  and  irregular  kind.  The 
beds  (which  are  often  well  marked)  dip  in  all  directions,  and  at  all 
angles,  frequently  being  on  edge.  The  sandstones  around  the  edges 
of  the  neck  are  much  hardened,  and  portions  of  them  project  into,  and 
have  been  enveloped  in,  the  tuff.* 

The  remarks  made  in  the  previous  section  of  this  chapter  as  to  the 
size  of  necks,  their  external  form,  and  their  effects  on  surrounding 
stratified  rocks,  are  equally  true  where  the  necks  consist  of  agglomerate. 

In  a  few  instances  veins  of  agglomerate,  similar  to  that  of  the  necks, 
have  been  observed  filling  up  cracks  of  the  surrounding  rocks. 

Necks  of  coarse  agglomerate  rise  abundantly  through  the  carboni- 
ferous rocks  of  the  midland  valley  of  Scotland,  particularly  in  Ayrshire, 

*  See  CMogical  Survey  Mmoin-Qwiiogy  of  East  Lothian,  p.  44. 


IKAPPEUE  XBCEB.  271 

'Siere  thej  are  mminlj  of  Peonian  age.*     A  plan  of  one  i^  Ui««e  upcks, 
;  lower  caiboniferotu  itnta  im  the  sbore  at  Dunbar,  u  sb>>wii 


sf  put  Df  1  D«k  Of  tuff  in  Lover  CailxnilfniiD*  BuiditoB*.  Dnntar. 
boniTemiu  iuidatoDv.  The  panllel  Ud^  muk  iht  Atrika  ul  tbe  An 
igle  o[  K'-y  [n  the  direction  of  the  arrDn.    Tlie  croti  linei  roand  i 


B.  TdIT,  well  MnUltFd  in  plarH,  dip[>iiie  in  variani  dirFctiau,  u  Bfaon  bjtlieirrcva, 
Md  M  uisla*  nrying  from  bQ'  lo  MV  Tungiie*  of  the  UDditone  protrude  Into  the  neck, 
Md  tnxBimli  of  the  ume  rock  are  eudoKj  ia  it. 

■1  Fig.  106.     The  gandstones  rouini  the  agglomerate  ar«  much  horJeDOil, 
lOd  portion.<t  project  from  the  walls  of  the  cavity  into  the  (^Klomerale, 


HhUob  oT  necii  <it  ngglomente.    Clltf  betwe 


ih  nnd  OJiDt'i  Canieway. 
*a  at  to  look  on  the  ground- plan  like  reioB.     Another  neck  is  ahuwn 
■«cdoti  on  Fig.  107.     It  was  eketcbed  hy  the  writer  during  aii   i 
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canton  with  Ur.  Jokei  along  the  eout  of  Antrim,  md  oeoin 
liae  of  cUff  between  Forbush  and  the  ffiant'a  Caiuew^.  A 
mewnrmg  &bout  fiftf  yards  aeroaa  at  the  top,  haa  been  blam  t 
the  chalk  (a),  and  alao  throDgfa  a  pnnoiuly  etnpled  sheet  ti  \m 
and  thia  cavity,  afler  peihapa  wrring  as  an  orifice  for  the  diicli 
•ome  of  the  tufb  of  the  diatriot,  wai  flutUy  filled  vp  with  a  ecu 
oT  labbish,  conuiting  of  block*  of  bxalt,  ohalk,  etc,  imbedded  ii 
green  gritty  tiappeen  pfwte. 

Though  necks  an  of  coone  IntnuiTe  and  sabaeqnent,  is  id 
the  locka  which  they  travene,  they  lead  na  by  a  natural  tnuia 
the  conaideration  of  the  inteibedded  and  oontempamteoDi 
Bach  of  them  i«pceaenta  the  aite  of  an  old  Toleaao,  and  th«  nul 
which  it  conaisto  remain  aa  evidence  of  the  natnie  of  the  mla 
dncta  which  were  ejected  to  the  surface.  To  the  conaideiatuu  i 
ani&ce  ptodacta  we  now  proceed. 

IL  XB-TilBBIIDDJlS  OB  OONTBVPOBAmOUS. 
In  the  forcing  section  of  this  chapter  we  have  had  an 
radenition  the  petrulogical  characters  of  those  trappean  rocks  wh 
been  erupted  and  consolidated  at  a  greater  or  less  depth  ben 
surface.  Some  of  these  may  have  had  do  connection  with 
action,  others  were  undoubtedly  associated  with  that  action,  ^ 
now  to  examine  the  modes  of  occarreuce  of  those  trajipean  rocl 
were  not  only  connected  with  the  operation  of  volcanoea,  I 
actually  erupted  to  the  surface  as  volcanic  products. 

In  the  first  place,  let  us  inquire  on  what  evidence  the  intc 
or  contemporaneous  character  is  made  out  -  This  evidence  is  b 
on  the  lithological  nature  of  the  rocks,  for,  as  already  rema 
rocks  which  are  interbedded  mnst  be  upwttfd  prolongations 
which  are  intrusive — the  same  rock,  as  dolerite,  basalt,  or  me 
being  found  equally  under  both  aapecta.  The  leading  petrolog 
tinctions  of  the  present  series  are  Uiree  : — 1st  The  slaggy  cha 
the  upper  and  lower  surtaces  of  the  sheets  ;  2d.  The  unaltered  c 
of  the  overlying  beds,  and  the  absence  of  any  derailment  of  I 
or  of  veins  from,  the  trap-rock  below  ;  3d.  The  association  of 
trap-ta£  The  value  of  these  chaiacten  will  be  apparent  in  i 
ceeding  pages. 

The  species  of  trap  which  occur  in  the  interbedded  form  ar 
numerous  as  those  which  are  intrusive.  All  the  doleritic  rock 
phyre,  diabase,  porphyrite,  and  felstoae,  are  found  in  the  foni 
racter.  But  diorite,  quartriferoQa  porphyry,  and  hypersthene-ioc 
not  metamorpbic),  do  not  appear  to  occur  except  intrusively.  A 
rocka  belong  to  the  crystalline  division  of  the  tiappean  seriea. 
bagmental  division  all  the  varietiQa  of  conise  occnr  in  the  inte 
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QpoTBneom  fonn,  wliick  is  their  proper  and  noimal  character^ 
isive  necks  of  aggbmente  already  described  being,  although 
t,  yet  saboidinate  modes  of  occnrrenoe. 

CU  CBTBTALUNK. 

Q  a  mass  of  trap-rock  has  originally  been  ponied  ont  at  the 
Q  a  melted  state,  it  has  assumed  the  character  of  a  laya-flow, 
tracture  is  therefore  best  understood  when  compared  with  that 
lava.  The  student  is  referred  to  the  chapter  of  this  Manual 
die  action  for  information  on  this  subject  A  sheet  of  such 
'  occur  singly,  orezlaid  and  underlaid  wi^  ordinary  sedimentary 
1,  or  it  may  form  only  one  of  a  thick  series  of  simUar  beds,  with 
no  interstratified  aqueous  rocks.  In  either  case  each  single 
iicates  the  result  of  a  distinct  eruption,  or,  in  other  words,  is  a 
"flow." 

et  we  have  no  yery  satisfiictGry  method  of  determining  whether 
yB  been  poured  out  on  the  limd  or  under  the  sea.  Of  course 
e  is  met  with  among  marine  strata  we  cannot  doubt  that  it  is 
ibmarine  lava  ;  or  when  we  find  one  interstratified  with  fluvia- 
custrine  deposits,  or  lying  upon  an  old  soil  or  terrestrial  surface, 
oise  it  as  the  product  of  a  subaerial  eruption.  But,  apart  from 
ateral  evidence,  there  does  not  seem  at  present  to  be  any  trust- 
lode  of  settling  the  question  from  the  structure  of  the  flow 
rhere  the  surface  of  a  bed  is  very  rough  and  slaggy,  like  that  of 
cotdee^  we  may  suspect  a  subaerial  origin  ;  where,  on  the  other 
!  surface,  though  still  perhaps  highly  vesicular,  is  not  so  broken 
ren,  we  may  infer,  a  subaqueous  eruption.  As  a  matter  of 
re  can  be  no  doubt  that  the  great  majority  of  interbedded 
cocks  met  with  in  the  earth's  crust  have  been  erupted  under 

atnre  of  Flows. — The  structure  of  a  "  flow  "  is  very  conmionly 
be  as  follows : — The  central  part  of  the  sheet  is  a  crystalline, 
ygdaloidal  mass,  more  or  less  compact,  sometimes  columnar ; 
r  and  lower  surfaces  consist  of  rougher  slag-like  portions,  the 
»idal  cavities  being  there  larger  and  more  numerous,  and  drawn 
iilarly,  more  especially  along  the  upper  surface  (see  Fig.  1 08). 
ictore,  it  will  be  noticed,  is  very  distinct  from  the  ordinary 
■esented  by  an  intrusive  sheet,  where  the  upper  and  under  sur- 
the  most  compact,  instead  of  being  the  most  rough,  open,  and 
It  is  not  always  so  strongly  marked,  and  there  occasionally 
example  where  it  is  not  easy  to  decide  merely  from  the  structure 
188  whether  it  is  to  be  considered  as  interbedded  or  intnisive. 
more  especially  the  case  in  interbedded  sheets,  which  have 
xDy  been  erupted  under  water;  ibeae  have  a  tolerably  &moot\\ 
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more  sete,  which  cross  eoch  other  and  extend  perpen 
npjjeraud  lower  Burfates  of  the  sheet  These  jninln,  when 
some  regularily,  give  a 
priimatic  Btrncture  to  the 
tock,  which  increMes  in 
symmetry  until  it  panKS 
into  the  perfectly  colum- 
nar anaugement,  u  in 
the  dolerite  of  the  Isle  ' 
Of  Sta&  sod  the  Qiant's 
Canaeway.  Occasionally 
the  colnmna  aie  bent, 
wavy,  or  even  arcbed. 
Some  beaatifol  examples 
of  Bueh  curved  eolnmua 
may  he  sem  in  several  fi«.  iw. 

parte    of    tb«     ClifiS     of        CurrriaokriUeohmiM.    CUic-« 

Staib  (Fig.  109).     It  is  '™"  ""^V""" 

a  ctonmon  mistake  to  call  thia  columnar  structure  b 
indeed,  is  very  often  columnar  ;  bat  dolerite,  diorite,  f< 

*  I  «ii  ana  itrack  with  tUi  faton  In  ths  tuiilt  ihMti  of  On 
Tb«a  la^lchmbWB  pound  onitlw  old  TBTUurUka-lxittom  of  thai 
N  nciaad  Vbtt  nt  B  lBta«lT«  «kM(  nthn  tkn  ■ 
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,  flic,  M.i  pltdi.-loiK-,  iilso  exliiljit  111.:  siiue  -trm;tui,..  Th-  ^■■■Uunti--^ 
ilwajB  Bpring  &om  the  upper  and  lower  Burfaces  of  tlic  bed,  that  is, 
bran  the  original  luifacea  of  cooling,  and  when  they  are  bent  thej 
indieate  a  alight  additional  movement  of  the  Btdll  viscid  mass  after 
llic;  wen  formed,  or  while  they  were  fonning. 

Befeience  haa  already  been  made  to  the  amygdaloidol  texture  of 
inteibedded  trap-rocke.  This  is  one  of  their  charBct«rlatic  though  not 
ppcnliar  features.  When  amygdaloidol  eheeta  are  carefully  examined, 
Ibey  often  show  that  the  veaiclea  in  which  the  amygdaloidal  kernels 
ue  contained  are  elongated  in  a  particular  direction,  enpecially  along 
the  top  of  the  bed.  The»e  vesicles  were  formed  by  the  expansion  of 
rtnm  imprisoned  within  the  melted  rock  at  the  time  of  ita  emisaiou, 
ttul  their  elongation  shows  the  line  along  which  the  cock,  while  still 
imcongealed,  was  moving. 

Halation  of  a  Flow  to  its  OverlylnK  atratified  Books. —  When  a 
Sow  or  sheet  of  interbedded  tiap-rock  occurs  singly  among  stratifieil 
dspoaita  it  presents  features  distinct  from  those  which  mark  the  occur- 
lence  of  an  intrusive  sheet  The  strata  underneath  it  are  not  usually 
ai^ht  into  it  in  angular  projections  and  fragments,  nor  is  the  line  of 
demarcation  between  the  igneous  and  ai^ueous  rock  a  sharp  and  even  one. 
nw  lower  inrface  of  the  trap  is  almost  always  more  or  less  uneven  (see 
Fig.  108),and  the  underlying  stratum  fills  up  the  hollows  or  wraps  round 
the  projeetioua  of  the  trap  in  such  a  way  as  we  might  anticipate  would 
bsppen  where  a  heavy  mass  of  melted  rock  loUed  over  a  floor  of  only  par- 
tidlyooiHolidated  sediment  Sometimes  the  strata  below  the  trap  are  har- 
faudtMnutimes  they  do  not  seem  to  have  suffered  at  all  The  strata 
on^rjng  dte  igneous  rock  afford  evidence  of  having  been  laid  down  upon 
thtf  >o^  and  not  of  having  been  displaced  by  its  intrusion  below  them. 
(SceFig,  110.)    They  are  not  altered.    They  fill  in  all  the  irregularities 


Fig.  110.   (JokM.] 

B.  BtntUM  lock,  tlit  IsmbuUon  ot  wblch  confonn*  to  tba  rnggxl  iniftot 

of  T,  ■  tiap.  in  mch  ■  nr  m  to  ihow  that  it  wu  dapoiitHi  apon  it. 

of  the  trap,  and  in  many  coses  contain  little  grains  or  pebbles  of  it 
^"•^inffs  occur  where  the  trap  in  cooling  haa  cracked,  and  where  the 
oicks  have  subsequently  been  filled  up  by  the  sediment  which  was 


gathering  over  the  hardened  flow  ( 
IB  stratified  horizont&llf ,  imd  evei 


Ig.!!!).  The  sediment  in  mch  OK 
showB  &lM>bedding,  to  that  »t  flM 


ng.  111. 

Cmcki  In  u  tnterbedded  poipbTiilc  flow,  DUed  Id  *ltb  uudttaDe  fRim  nbayt. 
Old  Bed  Btndlton*.    Tutibfrrj  oout,  Ajnhin. 

sight  the  vertical  "  djkea"  (so  to  speak)  of  sandetoue,  look  like  pieces  of 
a  broken  sandstone  stratum  involved  in  the  trap.  It  is  only  vhea  i 
series  of  them  is  seen  that  they  are  found  to  occupj  rude  Btar-shsped 
cracks  of  the  igneous  rock,  to  be  all  stratified  in  the  same  ^neral  plane 
as  the  strata  above  and  below,  and  to  show  that  thej  could  odIv  hiie 
been  washed  in  originally  before  the  strata  overiying  the  trap  weie  UiJ 

Sometimes  we  meet  with  a  single  sheet  of  interbedded  trap  interca- 
lated among  ordinary  sedimeatary  strata,  and  with  no  othec  igneous  rork 
for  Borae  distance  either  in  the  series  of  strata  below  ot  ia  that  above  it 
Such  solitary  sheetaare  exceptionaL  Some  good  examples  occDrintbe 
coalfield  of  Bono WBtounn  ess,  where  independent  sheets  of  doleritic  tnp 
are  intercalated  among  the  coal-bearing  strata.  These  sheets  vary  fnini 
4  to  265  feet  in  thickness.  In  one  coal-pit  a  total  thickness  of  39 1  feet 
of  crystalline  trap-rock  was  passed  through,  between  and  below  which 
the  coal-seams  were  found  to  be  quite  unaltered.t 

OonBooutiva  Qroups  of  Plows. — In  most  cases,  however,  the  sheets 
do  not  occur  sinRly.  They  are  found  usually  in  a  series — eomedmes  s 
few  together,  with  stratified  layere  between ;  sometimes  in  a  great  succes- 
sion of  sheets,  as  in  the  volcanic  plateaux  of  Antrim  and  the  Inner 
Hebrides  ;  sometimes  in  frequent  alternaUons  with  sheets  of  trap-toS 
and  trappean  conglomerate,  as  in  the  Old  Bed  Sandstone  of  Centisl 
Scotland.  When  contemporaneous  sheets  are  piled  over  each  other  in 
a  thick  series,  as  in  Antrim  and  the  Inner  Hebrides,  they  often  present 
great  differences  of  texture,  even  though  they  may  all  beloi^  petro- 
graphicoUy  to  the  same  variety  of  rock.  This  alternation  of  teiturs 
makes  their  bedded  character  very  apparent  even  at  a  distance.  Over  i 
columnar  bed,  for  example,  will  come  a  rough  amorphous  amygdaloidsl 
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iw;thvn  one  whicll  from  juLiititig  woiilln^r.s  in  i  l.iui  virUiml  laas  ; 
tiien  one  made  up  of  curved  slarch-like  priains  ;  then,  another  columnar 
one,  and  m  on.  Sometimea  th«  bedded  fonn  is  further  distinguiahed 
W  great  diffeiencee  of  colour  among  the  beds,  or  by  the  uiterstratifica- 
tionof  one  or  more  bedt  of  tuff.    The  subjoined  section  (Fig.  112)  repre- 


nt«  put  of  the  south-west  cliff  of  the  Island  of  Staffa.  The  lowest 
Wd  is  teen  on  detached  skerriea  as  a  priamatic  basalt  (a)  ;  next  comea  a 
bnalt-tuff  (b),  then  the  well-known  and  beautifnll;  columnar  basalt  (e),  in 
■kich  Fingal'a  Cave  has  been  ezcarated.  This  is  succeeded  by  other 
W«{e{],8ome  rough  and  amorphous,  othersconfusedlyprismatic  Lines  of 
naenlar  or  acoriaceous  texture  are  often  found  dividing  tolerably  com- 
pact ti^  and  they  niay  usually  be  token  as  indicative  of  lines  of  division 
Iwtween  different  flows — the  rough  vesicular  top  of  one  sheet  being 
nmed  by  the  similarly  rough  and  vesicnlat  bottom  of  the  next  shee^ 
n  a»  to  foim  a  vesicular  zone  between  two  compact  beds.  That  one 
great  ibeet  of  trap  may  be  lu  reality  made  up  of  different  flows,  and 
Ibat  acme  care  is  required  before  any  decision  on  this  point  may  be 
jnatified,  ia  further  shown  by  the  fact  that  a  mass  of  trap,  which  at  one 
lace  might  be  roppoeed  to  be  the  result  of  a  single  eruption,  is  found 
little  farther  on  to  be  split  up  by  the  intercalation  of  some  stmtified 
hjta  (toff,  sandstone,  shale,  etc},  which  perhaps  increase  in  thickness 
tiQ  the  aerered  sheets  of  the  trap  are  some  yards  apart  This  is  not  to 
fce  adnfoanded  with  the  way  in  which  intruBtve  sheets  come  together  or 
•plit  up,  so  as  to  enclose  tapering  wedge-shaped  masses  or  sheets  of 
■batified  rock.  In  the  latter  case,  aa  we  have  seen,  the  stnta  are  altered 
ot  broken  across,  while,  in  the  former,  the  nature  of  the  wedge  of 
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stratified  beds,  as  well  as  the  upper  and  under  surfacee  of  the  trap,  shoi 
the  contemporaneous  character  of  the  whole  series.* 

Hxtt-ranget  of  Contemporaneous  Crystalline  Trap-rocib.— When  i 
thick  group  of  felstones,  porphyiites,  or  other  crystalline  rocks,  is  intei 
bedded  in  any  formation,  and  inclined  with  the  other  members  of  tha 
formation,  its  line  of  outcrop  is  marked  by  a  range  of  rounded  o 
conical  hills,  often  with  lines  of  sharp  escarpment.  Such  is  the  natm 
of  the  ground  where  the  igneous  rocks  are  intercalated  in  the  Lowe 
Silurian  system  of  North  Wales,  and  partake  in  all  the  plications  an 
dislocations  of  the  sedimentary  rocks.  In  the  Old  Red  Sandston 
series  of  Scotland,  in  like  manner,  the  contemporaneous  sheets  of  poi 
ph3rrite  form  important  hill-ranges,  as  the  Ochils,  Sidlaws,  and  Pen 
lands.  In  all  these  large  masses  of  crystalline  rock  there  are  usual] 
intercalations,  sometimes  on  a  great  scale,  of  trap-tuff  and  trappea 
sandstone  and  conglomerate. 

Flateatix, — ^Where  a  great  series  of  consecutive  sheets  of  conten 
poraneous  crystalline  trap-rocks,  instead  of  being  inclined  to  the  horizoi 
lie  flat  or  nearly  so,  they  give  rise  to  the  formation  of  plateaux.  Tl 
edges  of  these  elevated  tracts  are  sometimes  lines  of  precipice  or  stee 
escarpment,  and  sometimes  terraced  slopes,  the  terraces  being  singnlarl 
regular  and  formed  by  the  edges  or  outcrops  of  the  harder  sheets  of  tra 
We  have  many  admirable  examples  of  these  forms  of  ground  in  the  grei 
tertiary  basaltic  district  which  extends  through  Antrim  and  the  isknc 
of  the  Inner  Hebrides,  also  in  the  carboniferous  porphyrites  of  th 
Campsie,  Kilpatrick,  Renfrewshire,  and  North  Ayrshire  hills.  On 
much  grander  scale  are  the  terraced  trappean  plateaux  of  Abyssinii 
Western  India,t  Victoria,!  and  many  other  regions. 

/3.  FRAGMENTAL. 

Under  this  division  are  included  all  the  varieties  of  trap-tof 
whether  fine  grained,  and  in  that  state  often  called  "  ash,"  or  coars 
grained,  and  tj^en  often  undistinguishable  from  trap-conglomerat4 
These  various  fragmental  rocks  are  to  be  regarded  as  the  consolidate 
detritus  ejected  by  former  volcanoes  either  on  the  land  or  unde 
water. 

Iiithological  Varieties. — ^Trap-tuff  is  a  generic  term.  It  include 
tuflGs  derived  from  all  those  crystalline  trap-rocks  which  occur  in  th 
interbedded  form,  but  not  from  those  which  only  appear  as  intrusiT 
masses.     The  reason  for  this  arrangement  is  obvious.    The  tufifs  are  a 

*  The  weU-known  toadjitone  of  Derbyshire,  according  to  Mr.  Jokes,  affords  examples 
the  union  in  some  places  of  flows,  which  in  other  places  are  separated  by  intercalated  strtt 

t  See  Mr.  Blandford's  Geological  Report  of  ike  .ibysfinion  ExpedUUm;  also  bis  Memo 
on  ike  Trape  of  Weetem  India, 

t  See  Beporii  qf  tk$  Geologieal  Swrvey  ^  Vietoria,  by  Mr.  Selwyn. 
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ice  ejectioii8y  fanned  hy  the  explosion  of  melted  tmp-iock  wluch 
in  Tolcanic  yents^  ConseqnenUy  only  those  varieties  of  czystalline 
which  have  been  directly  the  piodacts  of  volcanic  action  have  given 
to  toffflL  The  deep-seated  or  so-called  Plutonic  trap-rooks  have  not 
iahed  ta£b.  Hence,  too,  while  tnffo  may  be,  and  very  commonly 
intimately  associated  with  contemporaneous  crystalline  traps,  they 
Hot  BO  connected  with  the  intrusive  forms.  Intrusive  masses  do 
«d  traverse  tiap-tufis  ofiben  enough;  but  this  is  merely  an  accident, 
no  more  indicates  a  relation  between  the  intrusive  rock  and  the  tuff 
L  does  the  pieidng  of  sandstone  or  limestone  by  similar  intrusive 

AJl  the  varieties  of  crystalline  trap-rock,  therefore,  which  occur  as 
^l>edded  sheets  may  be  associated  with  tuff  originally  derived  from 
^^ploeion  and  trituration  of  their  substance.  Fektone,  porphyrite, 
^hjie,  and  diabase,  have  each  their  tuffs.  We  find,  too,  tiiat  the 
^  and  distribution  of  the  tuffs  are  regulated  by  those  of  the  ciys- 
1^  interbedded  traps.  In  a  felstone  district,  for  instance,  the  tuffs 
Idstone-tuffis  derived  from  the  volcanic  destruction  of  felstone.  In 
Bgbn  where  melaphyre  prevails  the  tuffs  are  melaphyre-tuffis  (green- 
^aff).  As  a  ride,  we  do  not  find  any  mingling  of  the  tuffis  unless 
le  happens  also  to  be  an  association  of  different  forms  of  crystalline 
X  Porphyrite  and  melaphyre,  for  example,  are  found  together  in  the 
i  of  Scotland,  and  there  the  fragmental  forms  are  both  melaphyre- 
I  and  porphyrite-tuffs,  or  sometimes  intermediate  varieties,  formed 
lie  intermingling  of  the  two  in  different  proportions, 
rhe  tuffs  of  the  felspathic  series  of  trap-rocks  are  well  defined  from 
e  of  the  augitic  series.  There  seems  to  be  no  certain  rule,  how- 
,  to  distinguish  a  tuff  of  felstone  detritus  from  one  of  porphyrite  ; 
e  in  the  same  way  the  tufib  derived  from  the  different  varieties  of 
ic  trap  cannot  always  be  discriminated  from  each  other.  The 
r  receive  the  general  name  of  Qreenstone-tuff  from  some 
tgraphers. 

While  trap-tuff  consists  fundamentally  of  comminuted  trappean 
tuB,  it  is  often  mingled  with  a  varying  proportion  of  ordinary  sedi- 
;ary  detritus.  If  we  reflect  that  in  many  cases  the  materials  of 
nff  fell  into  water,  at  the  bottom  of  which  sand,  mud,  or  lime  was 
sring  at  the  time,  we  perceive  that  the  result  must  often  have  been 
Dgled  mass  of  sandy,  clayey,  or  calcareous  tuff,  or  of  tuffaceous  ot 
sandstone,  shale,  or  limestone.  Hence,  as  trap-tuff  is  a  mechani- 
mixture,  we  must  not  expect  in  its  varieties  the  same  general 
>rmity  of  composition  as  among  the  crystalline  trap-rocks. 
^arlaftiaa  of  Texture  and  Structure. — ^The  same  reasons  which  lead 
i  look  for  no  great  uniformity  of  composition  among  the  varieties  of 
toff  suffice  to  account  for  the  great  irregularitiee  in  the  textuie  «nd. 
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Btractaral  arrangements  of  these  rocks.  Sometiines  the  tuffs  co 
an  exceedingly  fine  sand  or  powder,  which,  on  examination,  pi 
be  that  of  felstone,  porphyrite,  melaphyre,  or  some  other  varieti 
interbedded  crystalline  trap-rocks.  Such  fine-grained  tuflk  often  i 
laminaft  and  no  very  well-marked  or  frequent  lines  of  6tratificati( 
other  times  they  are  divided  by  layers  of  coarser  texture,  or  by 
detached  stones.  Tufis  frequently  consist  of  a  kind  of  coi 
gravel,  composed  of  small,  rounded,  or  angular  fragments  or  k 
different  kinds  of  ciystalline  trap,  usually  more  or  less  decoi 
Layers  of  this  kind  often  alternate  with  others  of  a  finer  tex 
rapid  succession,  indicating  the  changing  character  of  the  she 
dust  and  detritus  shot  out  by  the  old  volcano.  Again,  the  tr 
ments  increase  in  size  until  the  rock  resembles  coarse  conglom 
breccia.  Among  the  fragments  are  usuaUy  found  pieces  of  th 
imdemeath,  such  as  shale,  sandstone,  limestone,  etc  Th 
frequently  quite  angular,  and  sometimes  of  considerable  size. 

ZQeoted  Blocks  in  Tuff  and  other  Strata. — Occasionally  bl( 
found  in  tuff  which  consist  not  of  one  variety  of  rock  but  of  a  : 
of  strata  which  had  been  shattered  by  the  volcanic  explo8i< 
of  which  the  disjointed  fragments  are  now  enveloped  in  t 
Some  remarkable  examples  of  this  kind  occur  in  the  greenst 
at  Niddry  Castle,  Linlithgowshire.  One  of  these  (marked  b, 
113)  is  a   large  fragment   torn   off  from  an   alternation    of 


tig.  113. 
lyected  blocks,  consUting  of  shale  {a%  and  shale  with  limestone  (5),  in  the  greena 

of  Niddry,  Linlithgowshire. 

with  bands  of  a  ferruginous  limestone,  locally  known  as  cemen 
the  strata  being  still  afl&xed  to  each  other.  Ejected  blocks 
course  most  abundant  in  the  coarser  forms  of  tuffl  But  the- 
also  now  and  then  even  in  the  finest-grained  varieties,  and  the 
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Knee  there  is  a  strong  proof  of  the  volcanic  origin  of  these  deposits. 
Had  these  fine  tuffs  been  due  merely  to  the  transporting  power  of 
currents  of  water,  laden  with  fine  sediment  in  suspension,  there  should 
not  have  been  any  large  stones  in  them,  for  the  current  which  could 
cany  along  such  stones  would  have  been  too  powerful  to  admit  of  the 
deposition  of  fine  sediment  at  the  bottom.*  Hence  the  stones  are  to 
be  r^arded  as  blocks,  or  sometimes  as  bombs,  which  have  been  ejected 
from  some  volcanic  orifice  at  the  time  of  the  eruption  of  the  finer 
materials  of  the  tuff.  But  extraneous  volcanically-derived  blocks  are 
not  confined  to  the  tuffs ;  they  occur  also  even  in  the  ordinary  sedi- 
mentary strata  intercalated  in  a  trappean  series.  An  interesting 
example  was  described  by  the  writer  some  years  ago  from  the  district 
of  Burntisland,  Fifeshire.  Between  two  beils  of  melaphyre  a  series  of 
itrata  is  there  interposed  to  a  thickness  of  about  thirteen  feet,  consist- 
ing of  shales,  fireclay,  sandstone,  and  a  thin  coal-seam.  In  this  group 
of  beds  there  occurred  the  section  shown  in  Fig.  114.  It  will  be  seen 
that  the  coal-seam  in  that 
figure  has  been  squeezed  ^  f^^i 
by  the  fall  of  the  stone  ~7Z:'. 
upon  it ;  also,  that  the 
lavers  of  the  lower  half  of 
the  green  crumbling  clay 

above  the  coal  are  bent 

down   round    the    stone, 

while  those  of  the  upper 

half  rise    up   to    it,  and 

finally  cover  it  in  au  un- 

hn)ken  line.      It   is  clear  with  melaphyre  block  resting  on  it ;  c.  fireclay,  1  foot ; 

that  this  stone  must  have  <i.  shale  (with  plants,  etc.)  becoming  mixed  with  tmp-taff 

fji        r  1  jx   towardu  the  top. 

Wlen  from    above,    and 

^ith  some  force,  so  as  to  bend  down  and  compress  the  soft  mud  and 
^  partially  consolidated  layer  of  vegetable  matter,  and  the  abundance 
^f  melaphyre,  tuff,  and  other  volcanic  products  at  the  locality,  leaves  us 
Ho  room  to  doubt  that  the  stone  was  originally  ejected  from  a  volcanic 
'^ritice.  The  date  of  its  flight  and  fall  is  accurately  fixed,  for  the 
^tification  of  the  clay  shows  us  that  the  event  took  place  just  when 
^e  clay-bed  was  half  deposited.! 

For  the  sake  of  illustration  two  additional  examples  are  given  from 
Qiodem  volcanic  districts,  which  the  present  writer  observed  after 
^  had  described  the   foregoing   case  from    Fife.     In   one  of   these 

*  In  rare  caaea  we  find  in  fine  aqueous  deposits  stones  which  may  have  been  carried  by 
'*>t8  of  trees  or  by  floating  ice.  (See  anU,  p.  184.)  They  could  only  have  liad  an  extrane- 
««  origin. 

t  Oeikie,  Gtol,  Mag.  i.  p.  24. 
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Fig.  114. 
Injected  block  of  melaphyre.    Burntisland,  Fife, 
a.  FirecUiy,  with  rootlets  ;  Z>.  coal-seam,  5  or  6  inches. 


■     -  •"^^^-  ^" '  -r-      111-   yiir:   t:   ixi-  luE     ^_j   .;^« 


tUKioT'.-  t'!  til',  rail  k:  Tijiei  i;  wa-  iiuuud^<n.  itju.  uii  a 
Atunn::  tir  I-I'ice-  liimi>.  u  mi-tn£  kudt  iin  (•c^siji 


ial=  .,:  L^Tj...  r.t. 


;;■■«  liiui  liii-v  an  ••rar-i^L.  j.-^-Ilt  it  iLt  ii:5,     Ji  :'  :.,  T  i 
i-t-(M,«  wilJ  I*  in,i[,.5,Jiiiu.]y  made. 
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ionfll  WcmEdXuciQM  Ohanefter  of  Trip-tnlt — We  Lave  seen 
B  the  materiftlB  of  toff  Lave  fallen  on  localities  where  ordinary 
indy  or  other  aedimenty  was  accumnlating  at  the  time,  the  toff 
earily  become. uiteimingled  with  those  aedimentary  deposita. 
laimer,  if  the  Tolcanic  dnat  and  atonea  fell  on  placea  where 

animala  were  livings  or  where  their  remaina  were  being 
together,  the  toff  there  formed  would  entomb  and  preaerye 
inic  remaina,  and  thna  become  fomlifarouM.    Thia  haa  in  effect 

Tery  frequently  in  geological  hiatory.  The  maaaiye  tu£b  of 
r  Silurian  ayetem  of  Walea  often  contain  crinoidal,  moUuacaUy 
I,  or  other  organic  remaina,  and  aometimea  in  auch  abundance 
I  into  a  kind  of  impure  limeatone.  The  tnfb  of  the  Oarbon- 
ratem  of  the  Lothiana  aometimea  contain  in  weU-preaerYed 
I  the  fema,  calamitea,  aigillarim,  and  other  chaiacterutic  planta 
tmation.  In  the  aame  region,  too,  we  aometimea  aee  how  the 
noids,  and  aheUa  of  the  Garboniferoua  limeatonea  were  killed 
ift-bottom  by  ahowera  of  tuff,  and  how  their  aurvivora  again 
emaelvea  over  the  new  floor  of  tu£^  and  lived  and  died  for 
08,  fonning  by  their  accumulated  remaina  a  fresh  bed  of  lime- 
il  anew  interrupted  by  other  volcanic  dischargee. 
«e  of  Trap-tnff  into  other  Books. — ^From  what  haa  now  been 
U  be  aeen  that  tuff  may  readily  pass  into  sandstone,  clay,  shale, 
,  or  other  sedimentary  rock.  This  happens  both  vertically  and 
Lly.  If  the  materials  of  a  bed  of  tuff  began  at  first  to  be 
ery  gently,  and  fell  on  a  bottom  where  sand  was  accumulating, 
dd  &fit  be  a  gradual  miTigling  of  the  sand  and  tuff :  if  the 
I  became  more  copious  and  abundant  the  sand  would  cease  to 
ble,  and  a  bed  of  tuff  would  cover  it ;  while,  if  the  final 
liminished  gradually,  there  would  be  a  second  mingling  of  the 
of  this  tuff  with  the  ordinaiy  sediment.     In  this  way,  if  we 

a  section  of  the  deposits,  we  should  find  that  a  sandstone 
» into  a  tuff,  and  that  the  tuff  passed  up  into  sandstone,  shale, 
iqueoua  rock.  Similarly,  at  the  extreme  limits  of  any  shower 
ic  detritus  there  would  be  a  mingling  of  that  detritus  with  the 
rary  aedimenta,  so  that  when  we  can  trace   the  horizontal 

of  a  bed  of  tuff  we  may  naturally  expect  to  find  it  passing 
:  other  sedimentary  rock — the  place  where  the  passage  takes 
eating  the  limit  to  which  the  volcanic  shower  reached  in  one 

student,  in  the  course  of  hia  reading,  eapedally  among  the 
eatiaea  on  geology,  will  often  meet  with  atatementa  that  tuff 
0  basalt,  melaphyre,  or  other  variety  of  cryataUine  trap.  All 
imenta,  in  ao  feur  aa  they  imply  an  original  paaaage  of  the  one 
the  other,  are  erroneous,  and  proceed  from  ignorance  of  the 


•  4r  Ob  |MHge  <£  tnp-taff 
SoBMiBa«,Wo,ftc  neb  Omg  AsSm  af  jonelioB  ef 
ojatdfiM  topBC  M^on^  Oat  tkHfaation  of  H 
^Bty  A«iJy  aaift    BMflBihaimj  Mfcmil  Quag  fai 

whidk  ^"tJ^—  dat  toff  Kkd  ciTitiDjDC  bni  orinn^lr  itt 


Bcpaniiiiif:  nnt  tbe  trap-tuff  from  tlie  oyiuUiiie  ntcka  in  i 
■II  iht  Ti't^i  have  imdeisoiie  scaie  meiuiiotphimi,  or  wfa 
Iwcm  affefi^d  tiT  «ta^  cleavagb  Still  gi«U«r  peiplezii 
atLenji]  to  aKertun  in  eadi  CBio  dK  origiiMl  petrcgnpli 
tJlhetaSt  aput  frtonUioseHtbwqnaitlf  aoqiiind  &Dm  i 
Hidb,  in  lite  Soowdon  disttia,  Mja  nofewor  RameaT,  eo  i 
alatj-  deaT-a^  affected  bodi  f(lsbia«  and  tnfl,  that  there  is 
utmost  difficiiltr  in  diaving  «  line  of  demarcation  bed 
Ur.  Jnktv  and  hit  ooUeagoes  of  the  Iri^  Geological  8n 
irith  similar  faaiaree  in  tlie  Oofotj  Wateiford. 


It  iFonld  extend  too  mndi  the  epace  which  can  bf 
la  the  deRcription  of  the  tnp-ntcks,  to  gire  illottradona 
localities  of  the  raiioos  modes  in  which  the  atadent  maj 
with  these  rocks.  In  the  Bnbeeqnent  part  of  this  Mai 
where  the  geological  fonn&tioDS  are  described,  a  snccinct 
given  of  the  volcanic  phenomena  presented  by  each  of  th< 
tbe  United  Kingdom.  In  the  meantime  the  student  mav 
he  will  find  examples  of  the  assodation  of  vast  flows  of  felt 
depoijiB  of  tuff  over  an  extensive  area,  described  in  tJ 
the  Lower  Silurian  rocka  ;  of  the  local  emieEton  of  pfroxc 
■  MtmafraaH,  ITok^p.  UDl 
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nfis  over  limited  areas,  and  of  the  local  abundance  of  taff- 
nairatiYe  given  of  the  Garboniferons  system  ;  of  the  occur* 
aadc  necks  with  connected  melaphyres  and  tufb  in  the  Peimian 
id  of  the  accumulation  of  enonnous  piles  of  basalt-flows^  with 
»n  of  tuf^  in  the  account  of  the  British  miocene  rocks, 

nON  OP  OOKTBlfFOBANaOVB  TRAP-BOCKS  IN  8PACB  AND  TDfR 

ook  at  a  map  of  the  active  volcanoes  of  the  globe,  we  find 
istribution  is  far  from  regular  and  uniform.  On  the  con- 
the  volcanoes  tend  to  group  themselves  along  fiEtr-extended 
ire  crowded  together  in  some  regions,  verj  sparsely  placed  in 
e  over  many  areas  of  wide  extent  they  are  sdtogeUier  absent 
e  farther  aJluded  to  in  a  subsequent  chapter.  It  is  now 
by  way  of  illustration  and  explanation  of  the  fact  that  the 
trap-rocks,  which,  as  we  have  seen,  are  only  ancient  volcanic 
bit  a  similar  local  and  irregular  distribution.  In  some 
ey  are  remarkably  abundant,  in  others  they  do  not  occur  at 
er,  inasmuch  as  the  crust  of  the  earth  has  been  found  to 
Dumber  of ''  rock-formations  "  belouging  to  successive  periods 
h's  history,  so  we  discover  that  the  trap-rocks  occur  in  all 
tiuns,  in  other  words,  that  volcanic  rocks  have  been  pro- 
ages  of  the  world's  existence,  as  far  back  as  purely  geolo- 
ce  leads  us.  Hence  we  are  enabled  to  trace  the  distribution 
action  over  the  globe  in  regard  both  to  time  and  to  space, 
^her  take  any  one  formation  or  system — such,  for  example, 
coniferous — follow  its  extension  over  the  globe,  and  mark 
nishes  proofis  of  contemporaneous  volcanic  phenomena  ;  or 
ose  some  particular  district  of  country,  and  set  ourselves  to 
liscovering  what  traces  of  such  phenomena  it  contains  in  its 
k-formations.  In  the  former  case  we  are  led  to  inquire 
elopment  of  volcanic  action  over  the  globe  at  a  particular 
le  past ;  in  the  latter  we  try  to  follow  the  history  of  that 
le  region  from  the  remotest  period  down  to  recent  times. 
>ems  to  have  been  considerable  uniformity  in  the  leading 
rolcanic  action  during  the  past  history  of  the  earth.  The 
flaphyres  found  among  our  carboniferous  rocks  occur  very 
dem  tuffs  and  lavas  do.  The  ancient  rocks,  crystalline  and 
are  interbedded  with  each  other,  or  with  sedimentary 
t  as  lavas  and  ashes  are  now  piled  over  each  other  by  the 
an  active  volcano.  Yet  a  rigorous  and  minute  comparison 
rould  perhaps  bring  to  light  a  number  of  distinctions, 
jr  diversity  exists,  however,  in  the  mineralogical  nature  of 
J  which  volcanic  action  has  brought  to  the  surface.  The 
as  of  Vesuvius  or  Hechi  are  very  different,  UthologlcalYy, 


286  GEOGNOSY. 

from  the  diabases  and  melaphyres  of  our  palaeozoic  rocks,  and  ih 
trachytes  of  the  Rhine  from  Uie  felstones  of  Wales.  To  what  canfia 
this  difference  is  due  remains  one  of  the  problems  of  geology.  It  hu 
been  suggested  that  the  crust  of  the  earth,  on  solidification,  containec 
two  layers  or  coatings — an  inner  one,  composed  mainly  of  the  heaT) 
or  basic  rocks,  and  an  outer  one,  consisting  chiefly  of  the  lighter  oi 
acidic  rocks.*  The  older  rocks  appearing  at  the  surface  would  thus  be 
siliceous,  such  as  the  felstones,  etc.,  while  those  from  the  innei 
"  magma  "  would  only  appear  at  a  later  period,  and  would  be  of  th< 
pyroxenic  varieties,  such  as  basalt,  etc.  Certainly  it  is  the  fact  thai 
the  oldest  interbedded  vulcanic  rocks  are  felspathic  and  highly  silicated 
while  the  great  mass  of  modem  lavas  is  pyroxenic.  Yet  it  is  eqnallj 
true  that  many  of  the  jtalsBozoic  lavas  are  heavy  and  pyroxenic,  whiL 
the  light  and  siliceous  lavas,  trachyte  and  obsidian,  are  common  enough 
among  tertiary  and  recent  volcanic  products. 

This  is  a  subject  in  which  comparatively  little  has  been  aocom 
plished.  Yet  it  is  one  so  full  of  interest  that  it  will  probably  ere  lon| 
attract  much  more  notice  than  it  has  hitherto  received.  By  way  o 
indicating  the  nature  of  the  kind  of  research  which  must  be  undertaken 
it  may  not  be  without  use  to  take  as  an  illustration  the  volcaui< 
geology  of  the  British  Isles,  and  to  add  here  a  few  remarks  upon  it  fo: 
the  guidance  of  the  student. 

Volcanic  or  Contemporaneotui  Trappean  Bocks  of  Britain.+— Ii 
succeeding  chapters  a  brief  description  will  be  given  of  the  igneous  rocks  associate 
with  each  of  the  British  formations.  At  present,  therefore,  it  will  suffice  t< 
remark  that  volcanic  action  was  abundant  and  prolonged  during  the  lower  Siluriii 
period  in  Wales,  in  the  Lake  district,  and  in  the  south-east  of  Ireland  ;  that  t 
was  manifested  during  the  upi>er  Silurian  period  in  the  south-west  of  Ireland 
during  the  times  of  the  Old  Red  Sandstone  abundantly  in  Scotland  ;  in  the  Gar 
boniferous  period  in  the  midland  valley  of  Scotland,  in  Limerick  and  in  Derby 
shire  ;  in  the  Permian  epoch  in  the  south-west  of  Scotland  ;  in  the  New  R« 
Sandstone  in  Devonshire  ;  and  during  the  Tertiary  period,  on  an  enormous  scale 
from  the  north  of  England  and  the  south  of  Antrim  northwards  through  tbi 
Inner  Hebrides  to  the  Faroe  Islands,  and  even  to  Iceland.  Hence  within  » 
limited  an  area  as  the  British  Islands  we  have  an  extensive  series  of  old  voleanii 
rocks,  ranging  from  Lower  Silurian  down  to  Tertiary  times. 

But  not  only  has  volcanic  action  been  remarkably  continuous  in  Britain  wba 
the  whole  range  of  geological  history  is  considered.  We  find  that  this  continQit] 
has  been  exhibited  even  in  small  isolated  portions  of  our  area.  **  Take^  as  ai 
illustration,  the  neighbourhood  of  Edinburgh  within  a  radius  of  ten  milee  froo 
the  town.  First  and  oldest  comca  the  long  range  of  the  PenUand  and  Braid  Hilli 
consisting  of  a  mass  of  bedded  igneous  rocks  in  a  middle  series  of  the  Old  Ba 
Sandstone.  These  old  lavas  reach  a  thickness  of  4000  or  5000  feet.  Next  ii 
chronological  order  are  the  Calton  Hill  and  lower  portion  of  Arthur's  Seat,  whid 
mark  the  continuance  of  volcanic  action  (though  in  a  lessened  degree)  into  th> 

*  Bee  tbe  *'  Essay  on  Compantive  Petrology,"*  by  Dorocher,  translated  by  Dr.  Hangfe 
ton,  and  appended  to  his  Manual  of  Otology, 

t  Presidential  Address  to  Brit  Assoc.  1807.    Dundee. 
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m  OurbonitemH  period.  Hie  Oirboiilf«Rra8  rocki  for  mil«s  aronnd  tliaie  Idlla 
U  of  tbe  tneet  of  oontemponuMoiu  Yoloanoea,  ■ometim€R  in  the  form  of 
■li  of  toff  muting  the  oeemrence  of  little  detached  tofT-oonee,  iometimes  in 
hrmes  of  tafl^  beaalt^  and  dolerite^  where  «  group  of  minor  Tolcanio  vents 
■t  oit  ihoweri  of  aah  and  ttreame  of  Iatil  To  the  east  rise  the  isolated 
ifen  HiDs,  which  date  from  before  the  Carbcmiferons  Limestone  ;  westwardsi 
jModtttle  basaltic  crags  and  ronnded  tnif-hills  mark  out  the  lower  Carbon- 
inivokBnoes  of  Tiinlithgowhirec  To  the  north  the  endless  crags,  hiUii  snd 
hibof  the  Fife  coast  contain  the  record  of  many  eraptions  from  ^  middle  of 

LOddfaons  Sandstones  hi(^  up  into  the  Carboniferous  Limestone  group. 
.  itts  Ooetoeaanres  of  that  county  are  pierced  with  introsiTe  bosses  of  trap- 
HBJbiiisiate^  whkh  indicate  the  poeiticm  of  Tolcanio  vents,  possibly  of  Fermiim 
AssBBM^oramorerscentdate^  must  be  assigned  to  the  later  unconformable 
and  basaH  of  Arthnr^s  Seat  Nor  is  this  the  whole.  Latest  of  all 
tlMnsiaUe  trap-dykes,  running  with  a  prevalent  east  and  west  trend,  and 
Itkroni^  all  the  otiier  rocks,  niese  may,  with  probability,  be  assigned  to 
sgs.  Here,  then,  in  this  little  tract,  abo^^t  the  size  of  a  small  *i"gi<«^ 
»tiMre  are  the  chronides  of  a  long  series  of  volcanic  eruptions^  beginning 
l^aiildle  of  the  Old  Red  Sandstone^  and  coming  down  to  a  time  relatively  so 
^Nrown  as  that  of  the  Miocene  rocks.  Nor  is  this  by  any  means  an  ezoep- 
JM  diitiieL  mustntions  of  a  similar  persiBtence  of  volcanic  action  may  be 
mmA  in  many  other  tracts  of  equally  limited  extent.*' 

"It  may  be  possible  eventually  to  arrive  at  some  approximate  realisation  of 
Mum  assumed  by  the  surface  of  the  country  during  successive  phases  of 
■■lie  action.  There  are  indeed  indications  that  the  eruptions  were  apt  to  occur 
^  fines  of  broad  valley.  The  long  depression,  for  instance,  between  the  High- 
>di  od  Southern  Uplands  of  Scotland,  continued  to  be  the  site  of  active  volcanoes 
■lag  the  Old  Bed  Sandstone  snd  Carboniferous  periods  ;  yet  the  high  grounds  on 
^iide  wem  to  have  in  great  measure  escaped,  for  few  of  the  trap-beds  or  of  the 
■eb'  marking  the  points  of  eruption,  have  as  yet  been  detected  there.  Again, 
IBllRtisiy  basalts  of  the  north-west  lie  in  a  long  hollow  (at  least  as  old  as  the  Lias) 
*(|ii  out  of  the  metamorphosed  Silurian  and  Laurentian  rocks.  In  these  instances 
'fcirideDt  that  the  numerous  volcanic  orifices  were  grouped  lineai^wise." 
/This  leads  me  to  remark  that  a  study  of  the  igneous  rocks  of  Britain  f ur- 
ns proofs  that  volcanic  action  has  been  slowly  diminishing  in  intensity 
j  past  geological  time.  The  amount  of  volcanic  material  preserved  in  our 
i  lid  Sandstone  group  probably  exceeds  that  of  our  Silurian  system,  even  after 
.^  iDowance  for  the  denudation  of  the  older  formation.  The  number  of 
'voksnic  centres  traceable  among  the  Carboniferous  rocks  in  like  manner 
that  of  the  older  formations.  But  by  much  the  most  extensive  mass  of 
'  mtterial  in  these  islands  belongs  to  the  latest  epoch  of  eruption — ^that  of 
'*^OMne  period.  La  one  mountain  alone,  Ben  More  in  Mull,  these  youngest 
^|iie  orer  each  other,  tier  above  tier,  to  a  height  of  more  than  8000  feet ;  yet 
^^  is  concealed  under  the  sea,  and  their  top  has  been  removed  by  denuda- 
W«  have  here,  therefore,  no  proof  of  a  slow  diminution  of  volcanic  activity. 
^Md  separating  the  Miocene  basalts  from  the  New  Red  Sandstone  trap- 
^^^'Uch  seem  to  come  next  to  them  in  point  of  recentness,  was  immensely 
^^  that  which  has  elapsed  between  the  Miocene  basalts  and  the  present 
TWs  is  thus  no  improbability  in  the  eventual  outbreak  once  more  of  the 
Ji^isn  ibroes.  Nay,  further,  were  a  renewed  series  of  volcanic  eruptions  to 
1^  ^a^  ^"^^  ^^  mij^t  in  the  far  distant  future  be  thrown  together  with  those 
i^r°^  dste^  aa  proofs  of  one  long  period  of  interrupted  volcanic  activity,  Just 
'yyg^ponp  the  igneous  rocks  of  the  Lower  Silurian,  or  of  any  other  geological 
^^H^  So  near  to  ua,  in  a  geological  senses  are  thoee  latest  and  gnadest  ot 
*"^*>ds  pheaomeBa. '^ 
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"  Another  fact,  vhlch  a  genera]  samj  of  the  efakncter  of  out  toIcuk  iwb 
•oaD  brings  before  lu,  u,  Ihit  u  a  whole  thoM  of  eailiei  <Ute  diffa  diitinctiTgll 
in  mmpoBition  from  those  of  more  recent  origin.  From  the  flnt  tncei  of  Totauc 
actirity  in  this  country  up  to  about  the  dose  of  the  Old  Red  Sandstone  or  lugii-  ' 
ning  of  tbe  Carboniferoui  seriea,  the  interbedded  (that  U,  contemponineoiu)  igHC* 
tocki  coDsist  for  the  most  part  of  highly  ftlspathic  isassea,  to  vhich  the  nmiN  of 
cUnkitoue,  claystone,  compsct  felspar,  porphyry,  felstone,  porphyrite,  etc,  bt" 
been  given.  In  muet  of  these  rocks  there  is  an  excess  of  lihca  {5S  to  81}  per  cnit), 
vhlch  is  Bonietimes  foand  separated  out  into  distinct  gruulee.  On  the  oUwi 
hand,  from  the  upper  part  of  the  Old  Red  SaDilstone,  or  Uie  lower  memben  of  lbs 
Carboniferous  serin,  op  to  the  end  of  the  long  history,  the  erupted  masits  sn 
chiefly  augitic,  as  basalts  and  dolerites  (including  meUphyrea  and  diabascal,  Ii 
these  rocks  free  silica  is  nnt  a  noimal  constituent,  while  the  alkalies,  aUilini 
earths,  and  metallic  oxides,  form  on  an  average  about  half  of  the  whole  maas.  In  the 
(omier  class  the  acid  element  predominates,  in  the  latter  the  basea  an  spMiiUf 
conspicuous.  Were  theie  rocks  snbjected  to  further  and  more  detailed  chemitsl 
examination,  additional  knowleilge  might  possibly  be  acquired  renpecting  tbe  liii- 
tory  of  the  chsnges  which  have  taken  place  within  the  crust  of  the  earth." 

In  the  Bubjoineil  Table  a  Hrst  attempt  is  made  to  group  the  interbedded  trap- 
rocka  of  Britain  chronologically,  according  to  their  dales  of  production,  ud 
petrographically,  acconling  to  their  minei»l  charactera.  So  little  has  yrt  be* 
done  in  this  country  on  this  subject,  that  the  Table  is  confessedly  very  inipftffd, 
and  is  inserted  for  the  purpose  of  indicating  the  kind  of  arrangement,  which  suf 
be  afterwards  elaboraled  and  improved.* 


Tasle  of  the  SiRATiGRArHiCAL  DiBTRmrTiO!!  ( 
Iktbrdedded  Traf-rocks. 
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eologiits,  n  is  importmt  for  ub  to  note  ihai,  though  two  daatet  of  toI* 
s  can  be  determiiMd  hj  analytis  of  thcdr  composition,  no  hrosd  nsiifintiil 
a  appesr  to  be  trsoesble  in  the  genenl  mode  of  oocnirence  of  these  rocks, 
r  volcanoes^  which  threw  oat  silioeons  lavas  and  ashes,  seem  to  have  acted 
I  in  the  same  way  as  those  of  later  date,  which  gave  oat  the  heavier 
laTan.  Certain  minor  diiTerenoes  are  indeed  readily  obsenrable.  llias 
isTas  oocor  as  a  nUe  in  mnch  thicker  beds  than  the  later  ones,  which^ 
9  dJHtingnished  by  that  markedly  bedded  character  which  resnlts  trom 
er  and  thinness  of  their  snooessiye  flows.  As  a  concomitant  of  this 
Dt  also,  colnmnar  stroctare  is  much  more  frequent  among  the  pyrozenio 
Qg  the  siliceoas  rocks.  Perhaps,  if  these  and  other  distinctions  were 
tnd  compared,  eadi  class  of  rocks  mi^t  be  found  to  possess  certain 
itic  pecoUaritieB  of  its  own,  safBdsnt,  when  taken  together,  to  give  as  a 
aieral  reference;  Neyerthelesi^  in  its  broader  featores,  there  wmild  seem 
en  a  striking  imifonnity  in  volcanic  action  from  the  eariSest  times  down 
I  day." 
other  part  of  the  sabject  I  woold  allude  to  as  deserving  of  inqiiirj. 

0  to  me  indications  that  local  but  well-marked  metamorphism  and  the 
km  of  syenitic  and  granitic  rocks  have  taken  jAtuse  in  oonneetioB  with 
•or  most  recent  volcanic'  i^enomena.  In  Skye^  for  example^  as  first 
it  by  Hacculloch,  the  Lias  limestones  are  much  altered  and  piwoed  bj 
lyenite,  which  is  in  some  places  a  true  granite.  This  crystalline  rock 
i  been  erupted  after  the  deposition  of  tiie  middle  Oolitic  rocks,  for  it 
id  sometimes  OTerlies  them.  It  is  manifestly  connected  with  the  trappean 
Dd  dykes  of  that  region.  Southwards  in  Mull,  masses  of  syenite  of  a 
xe  found  in  the  heart  of  the  great  tertiary  basalts,  and  these  iMsalts  show 
arked  change  in  texture  and  aspect,  as  if  they  had  been  more  or  less 
losed.  Still  farther  south  lies  the  granite  of  Arran,  which  is,  at  least 
later  date  than  the  lower  Carboniferous  rocks,  for  these  are  pierced  by 

1  arr>und  it,  as  is  well  known,  there  is  a  profusion  of  trap-dykea,  like 
kVe  and  MulL  This  association  of  syenite  or  granite  with  hun<lreds  of 
urith  vast  piles  of  basalt,  deserves  to  be  worked  out  carefully  in  the  field, 
btleiis  be  found  to  furnish  additional  data  towards  elucidating  the  origin 
and  even  perhaps  some  portion  of  the  still  obscure  subject  of  met»- 


1  purpoMS,  renders  the  Tables  valueless.  Benft,  for  instance,  represents  basalt 
I  the  gneiits  and  schist  gronps  of  his  **  Crperiode,"  and  thence  up  through  the 
UiOttwlMry,  and  Tertiary  periuds.  It  is  of  course  true  that  basalt-vetns  and 
und  in  palsozoic  granite,  gneiss,  and  schist ;  bat  that  is  a  mere  accident,  and 
geological  relationithip  between  the  two.  The  same  dyke  sometimes  traverses 
dilfennit  formations,  to  all  of  which  it  is  subsequent,  and  with  which  it  has  no 
il  connection.  It  seems  hardly  worth  while  laboriously  to  chronicle  what  for- 
kit  may  intersect,  for  there  is  no  reason  why  it  should  not  be  found  in  every 
B  older  than  the  date  of  the  last  emission  of  basalt.  The  great  olfjeet  to  a 
to  ascertain  at  what  period  any  given  rock  was  erupted.  Hence,  for  the  rea- 
'  assigned  in  the  text,  ho  must  have  recourse  not  to  the  intrusive  but  to  the 
rocks :  but  the  distinction  between  these  two  modes  of  occurrenoe  has  never 
iquately  realised  and  adopted  by  German  geologists.  The  banefU  influences  of 
m  are  not  even  now  wholly  dispelled  among  our  Qerroan  brethren  of  the  ham- 
Dvralogy  and  petrography  they  are,  as  a  whole,  a  long  way  ahead  of  ua,  but  In 
'  the  structure  and  history  of  rock-masses,  particularly  of  igneooa  rocks,  we  are 
ry  fsr  in  advance  of  them. 

oaaiks  quoted  above  on  the  British  volcanic  rocks  ut  taken  from  the  wrltai*! 
the  Oeologieal  BeeUon  of  the  BritUb  Aa§oeiati<m  In  1$07,  at  Ihmdee. 
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CHAPTER  xrr. 


B  of  nunenls  in  puta  of  lock^nd 
tte  Conaatka  (tf  Ae  tocks  dtanadve*,  i>  *  ray  impoi 
lAieh  Rqaira  c  (pedkl  bwdM  for  ha  pmper  duciMiai 
can  be  done  boe  i*  to  paint  Attention  to  •  lev  of  tlie  p 
■"■■'—'—*  with  the  ttnKCme  sod  mode  vS  twcuireuoe  of  ' 
and  Teuu,  mod  to  add,  in  Ae  Kction  on  Geological  A| 
lemub  u  Ui  the  canses  bj  which  this  didiibation  of  i 
Kanots  hu  been  regulated. 

«.  MetaUio  Ores  in  Beds. 

The  0T««  of  metoli  are  eometimes  found  in  beda.  Thi: 
the  eve  with  the  most  abundant  of  all  metals,  iron 
inajoritT  of  rork?  contain  iron  in  rotan  form,  and  some  i 
impregnated  with  it  as  to  make  it  worth  while  \a  smelt  th 
called  iron-aonds  of  the  south-east  of  England  were  at 
important  wurve  of  iron.  The  principal  sources  now  lu 
Britain  are  be<l£  of  clay-iron  ore,  or  beds  containing  no< 
tioTU  of  claj-iroD  ore,  found  in  the  Carboniferoue  and  otbi 
In  Scotland  there  occur  beda  of  cla3'-ironstone,  containing 
portion  of  coaly  matter,  and  requiring,  in  consequence,  litl 
in  the  proceu  of  calcination.  They  are  known  aa  blac 
atone. 

Hnroatite  atn)  occnit  in  great  bed-like  masses  in  eome 
Fnrness,  where  each  masses,  twenty  or  thirty  feet  thick, 
interetrotified  with,  but  really  filling  ap,  hollows  in  the  ( 
limestone.* 

Some  beds  of  rock  also  contain  copper  ore,  mingled  w 
materiiilB  of  the  rock.  The  "  knpfer  schiefer,"  or  copper 
many,  is  of  this  character.  Many  beds  of  sandstone  in  th 
of  the  Old  Red  Sandstone  of  the  south  of  Ireland,  contai 
diaseniinBted  among  them.     The   Lower  Carbonifeiuus   i 
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tenfrewsliire  is  in  places  full  of  diffused  green  carbonate  of  copper, 
nd  has  been  worked  as  an  ore  of  that  metaL 

Such  accnmulations  of  the  ores  of  metals  as  liaye  been  deposited 
Q  the  same  way  as  the  other  materials  of  the  bed  or  beds  in  which 
hey  lie,  either  as  chemical  precipitates  or  mechanical  sediments,  do  not 
iroperly  belong  to  the  subject  to  be  treated  of  in  this  chapter.  When, 
indeed,  the  metallic  ore  no  longer  remains  in  the  exact  form  or  place 
in  which  it  was  first  deposited,  but  has  segregated  itself  from  a  state  of 
general  dispersion  through  the  mass  of  a  rock,  so  as  to  form  nodules  or 
concretions  in  particular  parts  of  it,  like  the  balls  of  clay-ironstone  in 
many  clays,  or  the  balls  of  fibrous  radiating  iron  pyrites  in  chalk  and 
8late,  or  the  cubical  and  other  crystals  of  iron  pyrites  in  many  rocks, 
there  is  then  an  obvious  connection  between  such  a  phenomenon  and 
flioae  to  be  found  in  metallic  veins.  This  segregatory  and  concre- 
tionary action,  however,  is  not  confined  to  metallic  ores,  but  is  general 
for  all  mineral  matter,  as  is  shown  by  the  segregation  of  flints  in  chalk, 
chert  in  limestone,  calcareous  concretions  in  clays  and  sandstones,  the 
fonnation  of  hard  balls  in  shales,  and  that  of  botryoidal  and  other 
globular  masses  in  dolomite.* 

We  are  led,  moreover,  by  almost  insensible  steps,  from  the  study  of 
Biich  molecular  movement  in  the  particles  of  rocks  after  deposition, 
through  other  occurrences,  up  to  the  plienomena  observable  in  mineral 
veins.  It  often  happens  that  in  breaking  open  balls  of  clay-iron  ore, 
crvfitals  of  galena  (sulphide  of  lead)  and  of  blende  (sulphide  of  zinc), 
are  found  in  the  cavities  of  the  balL  Nodular  lumps  of  specular  iron 
ore,  highly  crystalline,  and  the  size  of  the  fist,  are  found  sometimes  in 
the  Old  Red  Sandstone  of  the  South  of  Ireland,  and  similar  balls  of 
galena  in  the  Carboniferous  limestone.  These  are  not  rolled  pebbles, 
hut  small  deposits  of  the  minerals,  which  have  been  formed  in  little 
closed  cavities  in  the  rock. 

p.  Non-Metalliferous  Veins,  or  Veins  of  Seg^regation. 

Minerals  not  only  occur  in  a  more  or  less  crystalline  state  in  the 
bellows  of  closed  cavities,  or  as  crystals  disseminated  through  the  mass 
of  the  rock,  but  also  in  veins  and  strings  traversing  that  mass.  These 
^eins  are  of  very  various  dimensions,  from  a  scarcely  perceptible  thread 
^  to  a  width  of  several  feet,  and  are  equally  indefinite  in  length. 
They  are  rarely  straight  for  more  than  a  few  yards,  but  are  commonly 
bent  at  various  acute  angles,  sometimes  intersecting  each  other,  and 
branch  and  split  up  in  various  directions,  often  ending  in  tortuous 
fihunents.  In  some  cases  a  small  group  of  beds,  or  even  a  single  bed, 
^  show  numerous  veins,  while  the  beds  above  and  below  will  be  free 
from  them. 

*  See  Chapter  XV. 
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The  mineral  composition  of  these  veins  depends  greatly  on  tbi 
the  rocks  in  which  they  occur.  In  limestones  the  veins  are  ab 
always  calcite,  though  perfect  crystals  of  dark  quartz  occasioi 
occur  ;  in  siliceous  rocks  they  are  almost  invariably  quartz.  § 
kinds  of  rock,  however,  have  veins  of  particular  min^^s  that  usv 
accompany  them.  Some  red  clays  that  contain  beds  of  rock-salt 
gypsum  are  also  frequently  traversed  by  veins  of  those  mineral 
the  neighl)ourhood  of  the  beds  ;  and  in  the  case  of  g^-psum, 
in  places  where  no  actual  beds  of  that  substance  occur.  The  cond 
of  the  minerals  in  the  veins  is  often  different  from  that  in  the  1 
In  the  case  of  quarts  or  calcite,  whether  the  mineral  substance  in 
veins  be  crystalline  or  compact,  it  has  a  very  different  structure 
appearance  from  that  which  it  shows  in  the  beds  or  rock-mass, 
compact,  it  is  generally  much  purer  and  whiter  in  the  veins  than  ii 
beds  ;  if  cr}'stalline,  the  crystals  are  much  more  perfect  in  form 
those  which  occur  in  the  mass  of  the  rock. 

The  mode  of  occurrence  of  these  veins  is  such  as  rarely  to  sii| 
the  idea  that  they  ever  existed  as  open  cavities,  which  were  afterv 
filled  up  by  the  introduction  of  the  mineral  substance.  The  mi] 
appears  somehow  to  have  l)een  segregated  from  the  moss  of  the 
into  the  places  and  forms  in  which  we  now^  find  it.  It  is  stat^xl 
where  quartz  veins  are  found  in  granite,  the  immediately-a^ljaceut 
is  poorer  than  usual  in  quartz.* 

7.  Metalliferous  Veins. 

Tlie  metalliferous  veins  commonly  show  an  essential  differenc 
their  form  and  their  mode  of  occurrence  from  such  deposits  of  met 
ores  as  are  found  in  beds  and  concretions,  and  such  veins  of  spa 
have  been  just  alluded  to,  as  veins  of  segregation.  They  nia} 
described  as  fissures  or  other  hollow  spaces  in  rocks,  w^hich  have 
filled  more  or  less  completely  by  a  deposition  of  spars  antl  ore 
native  metals,  often  mingled  with  other  earthy  matters. 

By  Spars  we  mean  crystalline  masses  of  the  earthy  minerals, 
as  silica  (or  quartz),  calcite  (or  carbonate  of  lime),  fluor  (or  fluorid 
calcium),  l)aryte8  (or  sulphate  of  baryta),  etc. 

By  Ores  we  mean  the  various  unions  of  the  metals  with  c 
substances,  simple  or   compound,   forming  oxides    or  sulphides, 
bonates,  sulphates,  etc,  the  metal  having  to  be  extracted  from 
ore  by  metallurgical  processes. 

Pure  or  Native  Metals  are  not  often  met  with,  except  in  the 
of  gold  and  platinum,  and  in  some  places  silver  and  copper,  alth( 
the  metals  antimony,  arsenic,  bismuth,  iron,  lead,  palladium,  tellur 
etc,  also  occur  native  sometimes. 

*  Trana.  Roy,  GtoL  Soc.  Cornwall,  iiL  209. 
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The  mode  of  production  of  the  fissares  and  cavities,  and  that  of 
e  deposition  of  the  spars  and  ores  now  found  in  them,  has  been  the 
bject  of  much  specuktiun.  The  facts  will  perhaps  be  best  under- 
)od  if  we  place  before  the  student,  in  as  condensed  a  form  as  pos- 
)le,  a  description  of  the  metaUiferous  mineral  veins  found  in  the 
ining  districts  of  the  North  and  the  West  of  England,  taking  as 
ief  authorities  Mr.  Westgarth  Forster  and  Mr.  W.  Wallace  •  for  the 
e,  and  the  Transactions  of  the  Royal  Oeological  Society  of  Cornwall, 
decially  the  papers  of  Mr.  Came  and  Mr.  W.  J.  Heuwood,  for  the 
ier. 

Metalliferotui  Veins  of  the  North  of  England. — The  mineral  veins 
icribed  by  Mr.  Forster  are  those  in  the  hilly  country  about  the  junction  of  the 
inties  of  Northumberland,  Durham,  and  Cumberland,  but  his  descriptions  are 
lally  applicable  to  the  mineral  veins  which  occur  in  the  southern  extension  of 
s  high  land  (or  Pennine  chain,  as  it  is  sometimes  called)  that  runs  through  the 
stem  parts  of  Yorkshire  into  Derbyshire.  Tlie  rocks  in  which  these  mineral  veins 
rnr  consist  of  a  great  series  of  iuterstratified  shales  and  sandstones,  in  the  upper 
rts  of  which  the  shales  predominate,  and  have  beds  of  coal  interstratified  with 
sm  ;  in  the  middle  parts  the  sandstones  predominate,  while  the  coals  become 
n,  and  eventually  disappear,  and  groups  of  beds  of  limestone  begin  to  come  in, 
first  interstratified  with  thin  coals  ;  but  these  soon  disappear,  and  limestones, 
rying  in  thickness  from  3  feet  to  130  feet,  prevail  to  a  certain  depth,  but  with 
ler  shales  and  sandstones  underneath  them.  Towanls  the  south  the  limestones 
urease  and  coalesce,  and  the  shales  and  sandstones  die  out,  till  in  Derbyshire 
e  mineral  veins  are  found  in  rocks  which  consist  almost  entirely  of  limestone  for 
ihiokness  of  1000  feet  or  more.  Igneous  rocks  (basalts  and  greenstones)  occur 
brtth  dLstrict*},  chiefly  interstratified  with  the  other  beds,  and  more  or  less  of 
litem poraneous  origin  with  them.  The  "  Great  Whin-Sill "  of  the  north,  and 
le  **  Toa<l»tf>ne  "  of  Derbyshire,  are  the  chief  examples  of  these  igneous  rocks. 

The  total  thickness  of  the  mass  of  interstratified  beds  in  Mr.  Westgarth 
orster's  section  is  about  4000  feet,  and  he  divides  them  into  two  groups,  describ- 
ig  the  up)>er  1 400  feet  as  Coal-measures,  and  the  remaining  lower  ]jart  as  Lead- 
iteaAanrs,  the  ore  found  in  the  mineral  veins  chiefly  containing  that  metal.  He 
liviiles  those  veins  into  three  kinds,  which  he  calls  Rake  veins,  Pipe  veins,  and 
^  or  dilated  veins. 

a.  Bake  Veins. — The  Rake  veins  are  described  by  this  author  as  identically 
^e  game  kind  of  fissures  as  the  dykes,  slipSj  or  faults  of  the  Coal-measures,  usually 
tccoDipanied  by  a  perceptible  throw  or  displacement  of  the  beds  in  the  opposite 
*cheeks "  of  the  vein.  He  speaks  of  the  veins  being  strong,  acconling  to  the 
unount  of  their  "throw,"  which  in  some  instances  reaches  to  100  fathoms,  or 
^  feet ;  but  those  wliich  have  the  least  throw  are  generally  the  richest  in  ore, 
'>(cui^  the  richest  parts  of  the  mine  are  those  where  both  cheeks  are  of  hard 
1^  especially  limestone,  and  a  great  displacement  brings  difl'erent  rocks  in  face 
I' etch  other.  These  veins  extend  almost  indefinitely  in  length  and  depth,  many 
^  them  running  in  nearly  straight  lines  for  many  miles,  and  having  no  ascertain- 
^\t  termination  below.  They  are  sometimes  perpendicular,  and  usually  approach 
^  position,  their  inclination  being  called  the  hade  of  the  vein,  and  its  amount 
Wng  reckoned  from  the  perpendicular,  and  not  from  the  horizontal  plane,  as 

•  Mr.  Poratei's  book  is  entitled  a  Treatise  on  a  Section  of  the  Strata,  from  NewcastU-on- 
^rw  (o  CrotM  Fell.  Mr.  Wallace's  is  called  TAc  Lava  which  regulaU  the  deposition  of  Lead 
^.  Stanford,  1861. 
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coalminers  and  geologists  reckon  their  dip.  A  slight  hade,  therefore,  answers  to  a 
high  dip  or  inclination,  the  one  being  the  complement  of  the  other,  a  dip  of  70' 
being  a  hade  of  20**,  and  so  on. 

The  face  of  rock  on  both  sides  of  the  vein  is  called  the  chetk  or  side  of  tbe 
yein,  and  in  inclined  veins  they  are  spoken  of  as  the  hanging  and  ledger,  or  the 
up  and  doum  cheeks.     The  longitudinid  direction  is  called  the  bearing  of  the  van. 

There  are  said  to  be  some  rake  veins  that  are  wide  above  and  gradnallj 
terminate  below,  being  unaccompanied  by  any  throw  of  the  beds.  These  are  called 
gash  veins.  Mr.  Forster  quotes,  as  an  instance  of  a  gtxsh  vein,  the  vein  at  Llan- 
gynnoy,  in  Montgomeryshire,  wliich,  ''in  the  Duke  of  Powis*s  time,"  carried  a 
solid  rib  of  clean  lead  ore,  five  yards  wide,  for  a  considerable  depth,  the  ore  heiig 
so  clean  that  it  did  not  require  to  be  dressed,  but  was  simply  **  poured  out  of  the 
kebbles  at  the  shaft-head,  and  carried  to  the  sroelting-house.*'  There  was  an 
additional  thickness  of  several  feet  on  each  side  of  this  gigantic  rib  of  ore,  in  wludi 
the  ore  was  mixed  with  spar.  "  This  rich  and  noble  vein  was  at  onoe  cat  out 
below  by  a  bed  of  black  schistus,  shiver,  or  plate,  and  that  so  entirely  that  there 
was  not  the  least  fissure  or  vestige  of  the  vein  remaining,  nor  could  any  ew  be 
found  afterwards,  though  diligent  search  was  made  by  the  most  skilful  minen  for 
several  years  and  at  several  times."  He  says,  however,  that  he  only  knows  of  one 
instance  in  his  own  district  of  a  vein  not  accompanied  by  a  perceptible  throw  of 
the  beds  on  the  side  of  it.*  These  gash  veins  are  obviously  a  difficulty  in  tiie 
way  of  the  hypothesis,  which  supposes  the  spars  and  ores  in  mineral  veins  to  havfl 
been  always  derive<i  from  below. 

Dimensions  of  Veins. — The  ordinary  rake  veins  are  spoken  of  as  having  aa 
average  width  of  three  or  four  feet  between  their  checks,  that  width,  however, 
being  subject  to  great  variation,  extending  even  from  many  fathoms  to  a  single 
inch  ;  and  the  veins  are  often  subject  to  twitches  or  closings,  more  or  less  com- 
plete, so  08  sometimes  to  leave  a  scarcely  perceptible*  plane  of  division  between 
the  cheeks.  The  extent  of  these  twitclies  is  quite  indefinite  both  longitudinally  j 
and  vertically,  and  they  alternate  with  bellies  or  expansions  of  the  vein  of  equally  ; 
indefinite  dimensions  in  both  directions.  Some  veins  show  great  regularity  in 
their  width  for  great  distances  in  both  directions,  while  in  others  the  bellies  and 
twitches  alternate  rapidly,  and  the  veins  are  spoken  of  as  waving  veins. 

The  veins,  moreover,  are  said  to  be  narrower  in  the  "hazles"  or  siliceous 
earths  than  they  are  in  the  limestones,  being  sometimes  "  so  squeezed "  in  th« 
siliceous  earths  as  not  to  be  above  six  inches  wide,  wliile  in  the  limestones  imme- 
diately above  or  below  they  are  two  or  three  feet  in  width.f  This  seems  to  be 
obviously  the  result  of  the  dissolving  power  of  water  containing  carbonic  achi 
having  acted  on  the  limestone  walls,  and  not  on  the  siliceous  ones.  The  inclination 
of  the  veins  also  Is  apt  to  vary  according  to  the  nature  of  the  rocks  they  pass 
through,  the  approach  to  the  perpendicular  being  always  greater  in  the  sandstones 
and  limestones  than  in  the  intermediate  plates  or  shales. 

Directiojis  of  the  Veirut. — Tlie  veins  are  divided  into  two  groups,  those  which 
run  most  nearly  magnetic  E.  and  W.  (or  E.N.E.  and  W.S.W.),  and  th<.«e  which 
cross  them  at  right  angles,  or  run  nearly  in  the  present  magnetic  meridian.  The 
first  class  are  calleil  the  right  running  veins,  and  the  second  the  cross  veins.  The 
righ4  running  veins,  however,  are  said  by  Mr.  Wallace  to  run  along  bearings 
which  vary  from  30**  to  the  N.  to  30®  to  the  S.  of  E.  magnetic.  The  cross  veins 
are  more  steadily  N.  and  S.  magnetic.  The  right  running  veins,  however,  appear 
to  be  most  steady  in  character  and  contents  for  the  greatest  distances,  some  of 
them  carrying  good  ore,  in  workable  quantity,  for  eight  or  ten  miles. 

Mr.  Wallace  mentions  the  occurrence  of  a  third  class  of  small  veins  ronning 


Op.  cit.  p.  2Sa,  2d  edition.  f  Forster,  p.  811. 
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.E.  (ff  H.W.,  or,  Monding  to  Um,  a  56*  S.  en 
mid  uiswar  to  the  Cimnttr  Loda  of  CormnlL 
prara,  howarer,  that  tliare  *n  many  intermediate  Tiiiii  belonging  to  both 
rtiich  tometimee  unite  at  acuta  anglca,  either  ooiJeMiiig  with  or  croaiBg 
ur,  uid  that  atnight  Mritigt,  or  other  ihott  irregular  bnncbM  caDed 
icfa,  or  fiM^^  oocMlaitfllf  ptdsMd  oat  o(  each  at  all  angln,  and  are 
M  u  rich  in  rae  aa  the  *«ill  itnlf. 

map  of  the  minea  at  Aliton  Moor,  in  Mr.  W.  Wallace'i  intenating  and 
Dj  Uhutrated  work,  la  an  excellent  one  b;  which  to  ttadjr  the  Tariont 
u  at  the  Tafau  in  thia  dtatrict.  Aocotding  le  tlie  Qeologiol  Surref  map 
nUn,  Uia  Tetna  which  van  laid  down  hf  Hr.  Wuington  Smyth,  wo^dng 
Bctioa  with  Profaeaor  John  PhiUipa,  dhow  both  right  rvtmiitg  and  enm 
Id  the  northera  part  of  that  diatrict  there  are,  according  to  the  map*, 
'nu  nmtdng  due  E.  and  W.  (title)  for  eight  or  ten  mtlea^  oocaeloiiBll; 
brothan  more  or  IiM  obUqoe  to  thun,  bnt  without  any  nsol"  co" 
A  groap  of  ahorter  parallel  v^na,  running  abont  N.E.  and  S■1t^,  occnra  In 
r«  of  Um  *■  Ein^B  Field,"  aonth  of  Paddington ;  while  in  the  Wbrtar 
ifcnrerth  diaWct  there  are  two  or  thne  long  right  nmiring  TtiDt  ibont  two 
•It,  with  Intermediate  gronpa  of  ahorter,  dowl;  adjaeent,  parallel  ohm 
M  beaiingi  of  eome  gnnpe  bdng  N.W,  that  of  ofhan  N.  b;  W.,  wfail* 
tf*  intaimediata  points  <A  bearing. 

tnU^Ou  Vtint. — The  Tdnaeontdnipara  and  ore*,  which  ara  aometlmM 
t  m  parallel  baod%  the  ore  being  either  in  one  lih  or  aararaL  Some  of 
h  are  of  great  dimsntiou^  Hr.  Forster  mentioning  Banipgill  run  aa 
omttimea  a  width  of  twelve  feat  of  aolid  lead  ore  In  the  Qreat  LlmeirtODe. 


Fig.  117. 

a.  CoaUBgorone  nlnanl,  njqnuti. 

b.  Coating  Df  a  HCDDd  ralncnl,  ujr  BnoivaiiaT, 
c  Coattngof  flnt  mineral,  orof  a  third,  laj  lalphata  of  baryta. 
d.  Bib  of  ora,  aa  cupper  or  laad. 

r.  V.  Walla  ot  tHe  lode. 

ia  theaa  materials  an  arranged  in  the  way  m^aated  in  Fig.  117,  giving 
of  lOCcaaBiTe  eoatinga  of  the  dilferent  minarala  having  l>een  formed  at 
tJTniM  ontho  ildaa  of  tiie  yt'       "  '"' 
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are  mixed  together  with  great  irregularity.  Seams  of  clay  also  occur,  aometiiDes 
nmning  parallel  to  the  ribs  of  ore  and  spar.  These  I  believe  to  be  the  taaJhafidi 
of  the  Germans ;  and  sometimes  clay  or  decomposed  mineral  matter  (whether 
rock,  or  spar,  or  ore)  occupies  a  large  part  of  the  vein,  which  ia  then  called  a  nfi 
vein. 

There  also  occur  masses  which  are  called  riders.  These  are  said  by  Forrter 
to  be  "  stony  concretions  suspended  in  the  vein,  consisting  of  spar,  fragments  of 
the  adjacent  rock,  and  sometimes  bunches  of  ore,  all  connected  together.  *'  These 
riders  are  said  to  vary  from  five  or  six  inches  to  as  many  feet  in  width,  so  as  to 
divide  the  vein  into  two  ;  and  in  some  instances  at  lenst  a  rider  seems  to  be  nothing 
bat  an  unbroken  detached  moss  of  the  adjacent  rock,  fallen  into  the  cavity  of  the  vein. 
Ribs  of  ore  are  sometimes  found  on  both  sides  of  these  riders,  but  usually  only  on 
one  ;  and  it  is  said  that  occasionally  one  side  of  a  vein  is  coattd  vHth  hard  rider. 

The  veins  are  8]x>ken  of  as  hard  veins  and  soft^  apparently  according  to  the 
state  of  preservation  or  decomposition  of  their  stony  contents,  or  whether  they 
are  more  or  less  occupied  with  clay.  In  the  hard  veins  there  are  said  to  occur 
caverns  or  cavities,  sometimes  big  enough  for  three  men  to  turn  in.  These  are 
called  shakeSy  lochs,  or  loch-holes ;  and  Mr.  Forster  gives  the  following  graphic 
but  quaint  descrii)tion  of  some  of  these : — "  There  is  generally  a  hard  stony 
crust,  called  druse  *  or  rider,  at  Alston  Moor  and  Allanheads,  adhering  to  tlM 
inside  of  the  cavity,  out  of  which,  as  out  of  a  root,  an  innumerable  multitude  of 
short  prismatic  crj'stals  are  shot,  which  sparkle  like  a  thousand  diamonds  vitii 
the  candle."  "  Between  these  clusters  of  mock-diamonds,  and  sticking  to  them 
promiscuously,  there  are  often  lead  ore,  black-jack,  t  pyrites,  or  sulphur  and  spar, 
shot  also  into  prismatic,  cubic,  or  other  figures  ;  and  besides  these  clusters  of 
grotesque  figures  which  grow  out  of  one  another,  and  are,  as  it  were,  piled  on  one 
another,  the  whole  inside  of  the  cavern  is  sometimes  most  magnificently  adorned 
with  the  most  wildly-grotesque  figures,  which  grow  upon  and  branch  out  of  one 
another,  in  a  manner  not  to  be  described,  and  with  all  the  gay  and  splendid 
colours  of  polished  gold,  of  the  rainbow,  and  of  the  peacock's  taiL"  When  fre  j 
come  to  speculate  on  the  origin  of  mineral  veins,  all  these  circumstances  are  as  ! 
necessarily  to  be  taken  into  account  as  the  occurrence  of  the  metallic  ores  them- 
selves. ; 

It  has  been  already  said  that  the  contents  of  the  veins  vary  with  the  nature  of    j 
the  rocks  tliey  traverse.     The  quantity  of  ore  seems  always  to  be  least  when    ! 
the  veins  pass  through  beds  of  shale,  and  greatest  in  beds  of  limestone.    Mr.    ; 
Forster  expressly  says  that  the  veins,  in  passing  through  the  Great  Limestone^ 
which  is  never  more  than  130  feet  thick,  have  produced  as  much  lead  ore  as  in  all    > 
the  other  beds  put  together,   in  a  total  thickness  of  about  2000  feet     Mr. 
Wallace^  states  that  the  cross  veins,  and  his  third  class  of  veins,  seldom  contain    ; 
much  ore  above  the  Great  Limestone,  but  have  much  lead  ore  in  the  Great  Lime- 
stone, and  lead  ore  and  copper  ore  in  the  beds  below  the  Great  Limestone.    In    i 
passing  through  the  beds  of  plate  or  shale,  the  veins  rarely  contain  anything  bat    ^ 
a  clayey  substance,  called  "  douk  '*  or  "  dawk."  5 

Intersection  of  Veins. — If  two  neighbouring  veins  meet  each  other  obliquelff  : 
and  intersect,  they  conmionly  produce  a  body  of  ore  at  their  junction,  and  if  hoth 
are  rich  veins  the  quantity  of  ore  will  be  considerable,  but  if  one  be  poor  and  the 
other  rich,  both  seem  to  be  either  enriched  or  impoverished  by  the  meeting.  If 
a  vein  splits  into  strings,  either  vertically  or  longitudinally,  it  ia  a  sign  of  im- 
poverishment ;  if,  however,  strings  come  into  it,  of  enrichment.  §  It  is  obvioui 
that  this  is  merely  saying  the  same  thing  in  different  words,  and  it  appears  that 
the  expected  consequences  do  not  always  follow. 

*  Derived  f^m  the  German  druH,  decayed  ore.  f  Blende  or  sulphide  of  line. 

X  At  p.  65  of  his  work.  |  Forster,  pp.  cU. 
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As  regaids  the  iiiteraectioiiB  of  the  right  runninff  veins  and  the  cross  courses^ 
rould  appear  that  the  crass  courses  always  intersect  the  right  running  veins, 

generally  heave  or  displace  them  to  the  right  or  left  of  their  course,  in  the 
le  way  that  faults  would  do.  If  the  contents  of  the  right  running  vein  are 
inctly  broken  through  by  the  cross  course,  it  is  certainly  strong  evidence  that 
cross  course  is  newer  than  the  right  running  vein.  If  the  contents  of  the 
18  course  be  continuous  across  the  interrupted  contents  of  the  right  running 
1,  the  evidence  becomes  still  stronger.  But  it  does  not  appear  that  this  is 
sys  the  ca.^e.  It  has  been  well  olwerved  by  Sir  H.  T.  de  la  Bcche  that  the 
larent  shifting  of  mere  fissures  may  possibly  lead  to  mistakes  in  this  matter, 

that  the  vein  which  has  been  apparently  shifted  by  the  other  may  really  be 
ler  contemporaneous  with  it  or  subsequent  to  it,  and  not  necessarily  of  previous 
^  according  to  Werner's  rule.  Fig.  118,  for  instance,  shows  the  intersection 
two  fissures,  one  of  which,  a  a',  is  apim- 
dy  shifted  or  heaved  by  the  other  marked 
'.  It  is  clear,  however,  that  they  may 
h  have  been  formed  contemporaneously, 
i  coincided  for  a  certain  space,  or  that 
a  if  a'  a  be  the  newer,  it  may  have  run 
ag  6'  b  for  a  space.  This  would  be  true, 
ether  Fig.  118  be  supposed  to  be  a  plan  or 
iction.  If  a  plan,  the  dislocation  would  be 
,ed  a  heave,  if  a  section,  it  would  be  called 
!(p,  however  and  whenever  it  was  caused. 

It  is  obvious,  then,  that  it  is  to  the  con- 
on  of  the  contents  of  the  veins  we  must 
k,  rather  than  to  the  mere  relative  posi- 
1  of  the  veins  themselves,  for  evidence  as 
Lhcir  relative  date.     >Ir.  Wallace  *  adduces  ^'^'  ^^^• 

eral  facts,  such  as  the  abrupt  termination  of  the  right  ninuiiig  veins  at  points 
ere  they  are  met  by  the  cross  veins,  in  favour  of  the  opinion  that  the  cross  veins  are 
ler  contemporaneous  with,  or  anterior  to,  the  right  running  veins,  in  opposition 
:he  prevailing  opinion  as  to  their  relative  ages. 

b.  Pipe  Veins. — A  pipe  vein  in  the  North  of  England  is  described  by  West- 
th  Forster  as  in  many  respects  resembling  **  a  huge  irregular  cavern,  pushing 
ward  into  the  body  of  the  earth  in  a  slanting  direction, "  sometimes  running 
ween  the  beds,  when  those  beds  are  highly  inclined,  but  in  other  places  "  burst- 

their  way  up  through  the  strata."     One  that  I  examined  some  years  ago,  with 

late  Mr.  F.  J.  Foot,  of  the  Geological  Survey  of  Ireland,  gave  a  good  idea  of 
«e  pipe  veins.     It  was  a  little  W.  of  Tulla,  in  the  County  Clare,  and  showed 

irregular,  nearly  vertically  descending  chamber  in  the  horizontal  limestones, 
«.ssible  by  a  winding  path  on  its  rocky  sides,  and  in  some  places  expanding  to 
ridth  of  fifty  or  sixty  feet.  These  sides  were  lined  with  a  great  deposit  of 
ratals  of  calc-spar,  which  seems  at  one  time  to  have  filled  up  most  of  the  cavity, 
1, 1  presume,  contained  masses  of  crystals  of  galena  in  sufficient  quantity  to 
ider  it  profitable  to  extract  the  great  mass  of  material  which  must  have  been 
noved.  Other  similar  pipe  veins,  and  some  true  veins,  occur  in  the  neighbour- 
od,  an<l  such  pockets  of  spar  and  ore  are  not  of  unfrequent  occurrence  in  many 
rts  of  the  great  limestone  of  the  British  Islands,  which  is  known  as  the  Carbonl- 
rom  Limestone. 

It  may  always  be  difficult  to  prove  ihtiXpipe  veins  are  not  connected  with  some 
iTOre  which  may,  or  may  not,  be  a  rake  vein  ;  but,  so  far  as  the  evidence  goes,  they 
«m  \f)  have  been  mere  cavernous  spaces  excavated  out  of  the  rocks,  in  the  same 

•  Op.  Hi.  p.  80. 
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way  as  all  other  caverns,  and  afterwaids  to  have  become  the  receptacles  of  sptn 
and  ores. 

Mr.  Forster  also  speaks  of  a  variety  of  the  pipe  veins,  which  he  calls  tlie 
"  accumulated "  vein.  But  this  seems  to  be  rather  a  highly  inclined  pipe-likf 
cavity,  formed  by  the  intersection  of  two  or  more  "  rake  "  veins.  He  says  thej 
approach  the  form  of  vast  irregular  cones,  some  of  which  have  the  apex  upwaidi, 
and  some  downwards.  "  When  the  ore  is  worked  out  of  a  large  accumulated  veil 
it  exhibits  a  horrid  and  frightful  gulf,  some  of  which  may  be  fifty  or  sixty  fMt 
wide  below,  and  they  are  often  worked  down  to  a  great  depth  from  the  surfsce." 
'*  The  excavation  of  the  perpendicular  irregular  pipe  is  of  itself  sufficiently  fri^t- 
ful ;  but  when  the  hanging  rocky  sides  of  the  main  pipe  or  cone  are  slitted  up  and 
opened,  perhaps,  from  top  to  bottom  in  many  places,  in  working  collateral  divergiDg 
veins,  the  appearance  of  this  horrible  gulf  is  then  awful  beyond  descriptioo. 
"  Many  iron-mines  are  found  in  this  description  of  vein,  and  lead  and  copper  on 
are  frequently  found  and  worked  in  both  the  sorts  of  '  accumulated  veins.' " 

c.  Flat  Veins. — The  flat  veins  are  in  reality  pipe  veins,  which,  instead  (tf  i 
more  or  less  tubular  cavity,  take  the  place  of  a  certain  bed  or  beds,  parts  of  nYoA 
have  been  removed  by  the  erosion  of  water.  They  are  consequently  flat  cavenKM 
spaces  of  greater  or  less  dimensions,  the  roof  of  the  cavity  being  supported  by  tbi 
parts  of  the  bed  which  have  been  left  uneroded.  The  open  spaces  thus  left  htfi 
been  subsequently  filled  more  or  less  completely  by  the  deposition  of  spars  uA 
ores,  sometimes  in  alternate  layers,  sometimes  in  irregular  masses,  in  the  ssme 
way  as  happens  with  the  contents  of  the  rake  veins.  The  uneroded  parts  of  thi 
original  bed  or  beds  are  spoken  of  by  Forster  as  Ucitches  of  the  flats  in  the  saiM 
way  as  in  the  rake  veins.  He  says  that  these  flat  veins  seldom  carry  ore  very  far 
from  the  neighbourhood  of  the  rake  veins^  with  which  they  always  appear  to  be 
connectcil. 

A  curious  circumstance  is  mentioned  by  Mr.  Wallace,  that,  not  only  are  the 
joints  in  the  limestone  near  the  surface  wider  than  they  are  below,  and  filled  with 
seams  of  clay  (both  circumstances  being  obviously  due  to  the  action  of  the  weathCT),  j 
but  that  the  flats  are  in  those  places  traversed  by  the  same  joints,  and  also  fille<i  | 
with  clay.  *  It  has  been  before  pointed  out  that  at  great  depths  joints,  although 
they  exist  as  mere  planes  of  division,  are  often  quite  imperceptible  in  rocks,  which  = 
sometimes  will  not  even  separate  along  them  till  the  weather  has  had  time  to  act  , 
upon  them.  But  joints  may  be  of  very  diflerent  ages,  and  it  may  easily  have  ; 
happened  that  some  have  been  formed  since  the  formation  of  the^Zo^,  and  equally  : 
widened  by  the  percolation  of  water  which  has  afterwards  introduced  the  clay,  tf 
in  the  limestone  above  and  below. 

MetalliferoiLa   liCineral  Veins  of   the  'West  of  England. — In  the   ; 
west  of  England  the  rake  veins  are   called  lodes ;  the  pipe  veins,   perbapsi   , 
scarcely  occur  at  all,  unless  those  called  carbonas  represent  them,  and  the/o^    ■ 
seem  to  be  analogous  to  the  Jfoors  in  their  mode  of  occurrence,  though  hardly  «> 
in  their  origin.     These  floors  seem  chiefly  or  solely  to  contain  tin  ore.     The  dueki 
of  the  veins  are  called  icalls,  and  when  they  are  inclined  they  are  spoken  of  ai 
the  hanging  wall  and  the  foot  wall,  or  those  which,  when  he  is  in  the  lode,  haog    . 
over  the  head,  or  lie  under  the  foot,  of  the  miner.     The  inclination  of  the  vein  i»    ■- 
called  its  underlie^  and,  like  the  hade  of  the  north,  its  angle  is  calculated  from  the 
vertical  and  not  the  horizontal  plane,  f  though  Mr.  W.  J.  HenwoodlJ:  proposes  to 
use  it  in  the  same  sense  as  the  dip  of  the  coal-miner. 

The  rock  traversed  by  the  lodes  is  there  called  the  **  country.**     Mr.  W.  J. 

*  Op.  ciu  p.  64. 

t  I  am  indebted  to  Mr.  Cnrwen  Sahuon  for  calling  my  attention  to  this  fact,  which  bad 
previonfily  escaped  me. 

I  Trans.  GtoJ.  Soc  Com.,  v. 
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rood  *  tpcab  of  fooM  lodes  as  if  th^  were  mere  iMoids  of  rock  impregnated 
ore,  withoat  lui;?ing  any  distmei  waUs,  and  without  showing  any  fisrare ;  but 
»  I  tlkink,  must  be  ezoeptional  cases.  It  seems  that  the  "  conntry  "  on  each 
tf  the  lode  is  sometimes  so  impregnated  with  strings  and  bunches  of  ore,  that 
•  actiial  fiasnre  be  narrow  its  yeiy  occiirreuoe  may  be  masked  by  them, 
il  also  appears  that  tin  ore  oocnis  disseminated  through  parts  of  the  granite, 
it  wtm  a  oQostitnent  of  the  rock.  I  have  myself  got  specimens  of  gruiite  on 
»  BMontain  in  Comberland,  with  iron  and  copper  pyrites  difhised  trough  it 
yalada,  in  the  same  way  that  the  crystsls  of  felspar  are,  and  gold  is  said  in  like 
Mr  to  oecnr  in  many  parts  of  the  world  in  granitic  and  other  rocks,  in  diffused 
%  M  if  it  were  a  oonstitaent  of  the  rock.    Mr.  Henwood  frequently  points  to 

iflMtS. 

«od«B. — The  lodes  of  the  west,  like  the  rake  veins  of  the  north,  seem  to  have 
origiiially  CsuUs.  The  ftct  of  a  dislocation  haying  taken  place  may  be  much 
ribfvioiis  in  the  rocks  of  the  west  than  in  those  of  the  north  of  England,  but  Mr. 
kins  i*  expressly  says  that  dislocation  always  accompanies  the  lodes,  and  that 
Rssalt  is  that  the  walls  no  longer  fit  into  each  otiker,  but  convexity  comes 
■its  convexity,  and  concavity  opposite  concavity.  He  also  shows  that  along 
I  wins  dislocation  has  taken  place  more  than  once,  and  that  f^h  oonoavities 
Inen  thus  produced,  subsequently  filled  by  fresh  deposition  of  spars  and  ores, 
b  H.  T.  de  la  Beche's  Report  this  subject  is  well  illustrated,  and  the  fact  of 
Mnents  of  displacement  having  occurred  at  difTerent  times  along  the  same  vein  is 
nrad  vary  probable.:^  Accoiding  to  Mr.  Henwood  also,  it  would  be  impossible 
mw  a  straight  line  in  the  vein  for  any  great  distance,  so  as  to  connect  the 
tftai  levels  or  working  galleries  in  the  vein,  and  the  sides  of  the  lodes  are  less 
9th  and  even  than  those  of  the  elvans.  There  seem  also  to  occur  in  the  west 
s  resembling  the  ffosh  veins  of  the  north,  as  the  North  Vervis  lode,  at  Balnoon 
^  in  the  parish  of  Lelant,  which,  after  expanding  and  contracting  from  a  width  of 
r  Incbes  to  20  or  SO  feet  in  the  various  levels,  is,  at  a  depth  of  80  fathoms  (480 
t»  **  completely  surrounded  on  the  ends,  sides,  and  bottom,  by  the  hard  granite, 
lont  leaving  Uie  slightest  trace  of  its  farther  existence  in  any  direction.  § 
t)itnenaion*  of  Lodes. — ^The  lodes  of  the  west  of  England  seem  to  be  more 
lar  in  width  than  those  of  the  north,  though  different  lodes  vary  in  width 
I  a  mere  line  to  as  much  as  40  feet.  It  appears  that  an  average  of  between 
id  4  feet  may  be  taken  for  their  width,  that  average  being  rather  greater  for 
veina  traversing  slate  than  those  running  through  granite.  Lodes  often  change 
r  dimensions  in  passing  from  one  rock  to  another,  but  not  according  to  any 
1  rule,  sometimes  becoming  wider,  sometimes  narrower,  in  passing  from  slate 
mnite,  and  sometimes  showing  no  change.  ||  The  length  of  the  lodes  is  some- 
it  ss  much  as  seven  miles,  which  Mr.  Carne  gives  as  the  length  of  the  United 
kes  lode,  the  longest  which  he  knew  of.  Mr.  Henwood,  however,  expressly 
K^  that  it  is  not  at  all  certain  that  the  same  lode  was  ever  worked  for  more  than 
ifle  in  length.  He  attributes  this  uncertainty  to  the  fact  that  "  they  throw  off 
^  the  containing  rock  shoots,  strings,  and  branches,  in  such  abundance,  that 
^ad  of  one  champion  lode  the  whole  forms  a  complex  network  of  veins ;  the  lode 
k  discovered  dwindles,  while  some  of  its  offshoots  swell  out,  and  rival  or  surpass 
Ik  sise. "  **  These  are  evidently  analogous  to  the  strings,  skews,  backs,  and  sweeps 
^  north,  and  may  accompany  a  more  or  less  regular  fracture,  either  outside 
^thin  its  walls.  It  is  advisable,  in  these  statements,  carefully  to  sepante  the 
■nation  of  the  fissures  and  cavities,  the  deposition  of  minerals  in  those  cavities, 

*  Op.  ett.  V.  p.  S35.  t  Op.  ott.  iL  p.  S2&. 

t  Btport  on  the  Otology  qf  Devon  and  Cornwall,  p.  844. 
f  J.  W.  Henwood,  Op,  cU.  v.  p.  20.  ||  Henwood,  0!p.  eU.  v.  234. 

Y/kp.  175.  "/6.m. 
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and  the  formation  of  crystals  of  span  or  ores  in  the  "  conntry  "  or  rock  immedi- 
ately adjacent  to  the  cavities.  It  may  be  added  that  the  cross  courses  are  shorter 
and  more  variable  in  width  than  the  right  running  veins.* 

Directions  of  the  Lodes. — The  lodes  of  the  west  are  also,  like  thone  of  the  north, 
classed  as  right  running  \odea  and  cross  courses,  called  at  St.  Juat  gwdes,  and  St 
Ives  tratoerSf  in  addition  to  which  there  is  an  intermediate  claas  spoken  of  u 
counter  or  contra  lodes.  Mr.  Camef  defines  the  right  running  lodes  as  those 
which  do  not  vary  in  direction  more  than  30"  from  E.  and  W.,  the  cross  courses  u 
those  which  run  within  30"  of  N.  and  S.,  and  the  contra  or  counter  lodes  as  those 
which  have  any  of  the  intermediate  bearings.  He  speaks  otjlvhatis  as  veins  con- 
taining only  whitish  or  greenish  clay,  and  of  those  which  run  |>arallel  to  the  erm 
courses  as  cross  Jlukans,  The  term  flukan,  however,  probably  indicates  merdj 
the  clay,  which  is  the  principal  contents  of  some  veins.  Slides  are  said  to  be 
greatly  inclined  veins,:}:  which  generally  run  E.  and  W.,  and  rarely  N.  and  S.  The 
term  heave  is  used  to  denote  the  shifting  proiluced  by  the  intersection  of  one  vein 
with  another  when  regarded  in  plan  ;  the  term  throw,  when  regarded  in  a  verticil 
section. 

The  downward  direction  of  the  lodes  is  quite  indefinite,  as  neighbouring  veioi 
sometimes  underlie  in  the  same  direction,  either  at  the  same  or  different  angle% 
sometimes  towards  each  other,  at  a  similarly  various  inclination.  Mr.  Henwood 
gives  an  angle  of  70"  from  the  horizontal  as  about  the  mean  inclination  of  the  lodei 
in  Cornwall. 

Contents  of  the  Lodes. — The  spars  or  veinstones  found  in  the  lodes  of  the  weit 
are  chiefly  siliceous,  either  mere  silica,  as  quai-tz,  jasper,  or  chalce«lony,  or  silicates.} 
Schorl,  or  tourmaline,  or  "cockle,"  occurs  rather  frequently,  especially  in  tin-mines, 
and  then  generally  above  that  ore,  so  as  to  jjive  rise  to  the  miner's  saying  tii«t 
"  cockle  rides  on  the  tin. "  Fluor-spar,  sulphate  of  baryta,  and  other  mineraK 
also  occur,  and  sometimes,  but  more  rarely,  calcite  or  carbonate  of  lime.  The 
principal  ores  worked  are  those  of  tin  and  copper ;  but  ores  of  lead,  iron,  line, 
cobalt,  and  silver,  and  native  bismuth  and  native  silver,  also  occur. 

The  earthy  contents  of  the  lodes  are  clays  of  various  kinds,  generally  spoken 
of  SLR  Jlidcnn,  and  such  substances  as  peachy  which  is  a  green  chloritic  day,  and^>riaiii 
a  soft  white  clay.  The  gossan,  which  is  often  mentioned,  appears  to  be  a  rusty* 
brown  ochrey  substance,  deriving  its  colour  from  the  weathering  of  some  ferra* 
ginous  compound,  and  chiefly  confined  to  the  upper  parts  of  the  lodes.  The  clays 
are  probably  the  "  saallMuds"  of  the  German  miners,  and  they  sometimes  occur 
in  more  or  less  regular  seams  or  bands,  parallel  to  the  bands  of  ore  or  spar,  bat 
sometimes  apparently  dispersed  irregularly  through  the  other  contents  of  the  lodes. 

There  is,  moreover,  the  substance  called  Cuj)el,  which  forms  siliceous  bands 
on  the  sides  of  the  lodes,  often  containing  hornblende  or  tourmaline,  and  often 
coloured  with  chlorite  or  other  green  su1>stances,  and  either  being  a  more  silicified 
condition  of  the  "country"  at  the  sides  of  the  lodes,  or  a  deposit  on  the  walls  of 
the  lodes.  I  was  indebted  to  Mr.  Curwen  Salmon  for  calling  my  attention  to 
these  singular  "  capels,"  which  appear  always  to  accompany  the  more  productire 
parts  of  the  loiles.  His  l>elief  is  that  the  actual  fissures  of  the  lodes  are  rarely 
wider  than  the  thickness  of  a  finger,  and  that  the  ores  and  spars  are  not  so  much 
formed  in  the  fissure  as  in  the  "  country,"  or  rock  at  each  side  of  it,  and  th»t 
where  the  fissure  passes  through  uncongenial  rock  none  of  these  minerals  occur 

•  Came,  Trans.  R.  Gtol.  Site  ComwaU,  vol.  iL  t  Came,  75. 

I  ?  From  the  perpendicular. 

ft  Mr.  Henwood  says  {Op.  eit.  vol.  v.  p.  ITP),  that  nvhere  the  contents  of  the  lodes  arc  roost 
uniform  they  consist  chiefly  of  quartz,  and  are  there  regularly  Jointed  ;  and,  when  speaking 
of  the  general  composition  of  the  lodes,  at  p.  204,  he  says,  that  much  the  largest  proportion 
of  the  mineral  contents  of  the  lodes  consists  of  quartz. 
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odes,  but  tliat  where  the  rooks  w«n  conffemal,  the  wtUs  beoanie  hlghlj 
I  with  silica,  but  not  as  free  quartz,  as  it  is  in  the  lode.  These  silicifled 
re  called  the  **  capels,"  and  they  are  often  aooompanied  by  ore. 
ftddition  to  the  "  capels,*'  some  of  the  lodes  contain  "  riders,"  which,  how^ 
I  the  west  of  England  appear  always  to  be  detached  masses  of  the  aiyacent 
try,'*  fallen  into  tiie  cavity  of  the  lode,  or  enclosed  between  two  branches  of 
A,  That  part  of  the  contents  of  the  lode  which  occurs  next  the  present  sor- 
» as  to  have  the  spars  and  ores  affected  by  the  weather,  is  called  "  the  back  "  of 
e.  The  copper  ores  are  often  found  in  the  state  of  malachite  or  carbonate  of 
b  the  backs  of  the  lodes,  while  below  they  pass  into  sulphides.  The  con- 
f  the  lodes,  and  sometimes,  I  beliere,  the  walls  of  the  lodes  themselves, 
lUy  exhibit  those  polished  striated  surfaces  which  are  kno?m  as  " 


;  Henwood  has  some  interesting  observations  on  the  relations  between  the 
of  ore  occurring  in  the  lodes,  and  the  variations  in  the  kind  of  country  they 
sl*  He  says  that  some  lodes  have  copper  ore  only  in  the  slate^  and  tin  ore 
i  the  granite ;  tiiat  the  Wheal  Breague  lode,  in  passing  from  the  granite  to 
ii6,  instantly  loses  its  tin  ore,  while  Wheal  Vor  has  tin  ore  in  the  sUte^  Imt  is 
en  in  the  granite.  In  the  St  Austell  district  copper  ores  abound  in  the 
■chistose  rocks,  but  in  quartsose  slate,  mica-schist,  and  granite,  tin  ores 
«  found.   The  Tresavaen  lode,  however,  gave  enormous  quantities  of  copper 

in  the  granite,  but  was  exceedingly  deteriorated  on  entering  the  date, 
allack  a  lode  passes  three  times  from  granite  to  slate,  containing  none  but 
in  the  granite,  and  none  but  vitreous  copper  ore  in  the  slate.  Notwith- 
g  the  occufFence  of  enormously  rich  bunches  of  tin  ore  in  slate  at  Wheal 
d  other  places,  and  valuable  discoveries  of  copper  pyrites  at  Tresavaen  and 
;re,  yet  the  lodes  in  granite,  elvan,  and  hard  massive  slates  have  yielded 

comparison  the  largest  quantities  of  tin  ore,  and  of  vitreous  and  earthy 
»pper  ore,  and  rare  crystallised  varieties  and  uncommon  compounds  of 
;  while  the  lodes  in  the  softer  slates  have  chiefly  afforded  massive  copper 

and  seldom  any  other  varieties.  Lead  ore  only  occurs  in  hxies  which 
)  blue  or  greyish  slates,  generally  at  a  great  distance  from  the  granite,  f 
Dwever,  is  directly  the  reverse  of  what  takes  place  in  Wicklow,  where  the 
Bs  occur  in  veins  which  traverse  both  granite  and  slate,  while  the  sulphur 
»per  ores  generally  occur  in  slate  and  trap  rocks  at  a  distance  from  the 

:h  the  largest  proportion  of  the  mineral  contents  of  the  Cornish  lodes  con- 
quartz,  mingled  with  gossan  in  the  upper  parts,  but  in  some  lodes  in  granite 
s  found  at  great  depths.  The  greatest  number  of  rare  and  curiout  mineralg 
%d  in  these  ffossany  parts  of  the  lodes,  evidently  the  result  of  comparatively 
ctions  and  reactions  under  atmospheric  influences.  Iron  and  copper  pyrites 
ar  the  most  abundant  ores  in  the  lodes,  and  they  are  mixed  in  every  pos- 
oportion.:^  Almost  the  whole  mineral  wealth  of  Cornwall  appears  to  occur 
wo  or  three  miles  of  the  line  of  junction  of  the  slate  and  granite,  yet  no 
that  tract  is  said  to  be  richer  than  another,  nor  are  the  lodes  which  have 
[  granite  and  the  other  slate  generally  the  richest  lodes. 
ne  are  also  in  Mr.  Henwood's  paper  §  many  interesting  observations  on  the 
occurrence  of  the  ores  and  the  substances  associated  with  them.  When 
is  found  in  a  lode  traversing  slate  it  is  always  accompanied  by  capelf  i.e, 
e  is  hard  and  quartzose,  and  the  tin  ore  is  more  minutely  dispersed, 
vmaller  granules,  than  it  is  in  the  lodes  which  traverse  granite,  where 
italline  granules  of  tin  ore  rarely  exceed  a  pea  in  size.     In  slates  near 

•  Ojp.  ctt.  vol.  V.  p.  190.  t  lb.  224. 

{  Henwood,  loceU.  %  lb.  p.  220,  et  teg. 
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fossiliferoua  localities  (East  Crennia,  Fowey  Conftola,  etc.)»  the  Urge  lodes  con- 
tain chiefly  white  crystalline  cavities,  with  drnsy  cavities  called  "  vughs,"  which 
appear  to  answer  to  the  cavities  in  the  veins  mentioned  by  Mr.  Forster  (see  p.  296). 
l^ese  vughs  are  said  to  be  fewer  in  the  neighbourhood  of  the  granite,  but  wboi 
they  do  occur  to  be  of  larger  dimensions.  It  is  also  stated  that  many  of  the  laiigest 
and  richest  bunches  of  tin  and  copper  ore  are  found  close  by  crom-courses  and 
flukaus,  and  often  only  on  one  side  of  them,  the  lode  on  the  other  side  of  tbem 
b«ing  worthless.*  As  these  cross-courses  and  flukans  commonly  contain  substancei 
which  interrupt  the  flow  of  water  in  the  lodes,  it  would  seem  as  if  there  were » 
connection  between  that  flow  and  the  deposition  of  the  ore. 

Intersections  of  the  Ijodes. — Mr.  Came,  depending  on  the  facts  relating  to  tke 
intersection  of  the  diflerent  lodes,  divides  them  into  different  classes,  according  to 
age,  as  follows  :t — 1st,  The  oldest  tin  lodes  which  generally  underlie  to  the  nurth, 
and  are  traversed  and  heaved  by  2d,  The  newer  tin  lodes,  generally  underlying  to 
the  south.  These  are  almost  always  right  running  lodes,  but  at  St.  Just  some 
counter  lotles,  and  at  Polgooth  one  cross-course,  contain  tin  ore ;  8d,  The  alivi 
right  running  copper  lodes  mostly  underlying  to  the  N.,  but  some  to  the  S.,  whik 
some  change  their  underlie.  These  are  the  principal  lodes.  The  most  promising 
are  those  which  have  gossan  or  rusty  iron  ore  on  the  back.  The  junction  of  tio 
of  these  copj)er  loiles,  with  no  apparent  intersection,  is  said  to  be  common,  anditii 
also  said  that  when  they  underlie  in  the  same  direction,  but  meet  in  consequence 
of  the  difference  in  their  angles,  the  richness  of  the  mine  is  increased,  but  if  their 
underlie  is  in  diff'erent  directions  they  become  ])arren  where  they  meet.  A  sudden 
change  in  the  richness  of  the  hxie  is  said  to  be  the  result  of  a  change  in  the  sUte 
rather  than  the  nature  of  its  contents,  as  from  a  hard  quartz  or  cassel  to  a  ** soft 
chlorite  called  peach."  Most  of  these  lodes  have  small  interrupted  **flukan 
veins."  Some  have  tin  above  and  copi>er  below,  only  one  being  known  to  haw 
had  copper  ore  alK)ve  tin.  The  nature  of  the  rock  traverseil  seems  to  have  an 
effect  on  the  richncs.s  of  the  lodes.  No  very  rich  copper-mine  occurs  wholly  in 
granite,  but  in  some  there  is  an  improvement  in  jmssing  from  the  slate  into  the 
granite,  while  in  others  the  reverse  was  obser>'able,  and  in  some  no  change  was  per 
ceptible.  The  riche-st  jvart  of  the  mine  is  said  to  l)e  generally  about  the  junction 
of  the  two  HK^ks,  especially  when  one  wall  is  granite  and  the  other  slate.  4th, 
Contra  ^copper  lodrs.  These  generally  contain  more  flukan  than  the  last  class 
but  are  often  as  i>roductive  in  copper.  5th,  The  Cross-Cvurses.  Tlieir  width  ii 
often  greater  and  more  variable  than  that  of  the  preceding  classes.  Tlieir  under- 
lie is  various,  sometimes  t«)  the  E.  and  sometimes  to  the  W.,  but  those  which  jwinl 
to  the  E.  of  N.  giMierally  underlie  to  the  W.»  and  vice  versa.  They  are  the  ctnse 
of  great  trouble  by  shifting  the  right  running  veins,  and  sometimes  **  cutting  out 
all  the  riches,''  but  are  sometimes  advantageous  in  consequence  of  their  flukan 
keeping  out  the  water.  They  often  contain  iron  ores,  such  as  htematite  and 
specular  iron  ;  and  load  ore  cliiefly  occurs  in  them.  They  do  sometimes,  however, 
contain  copper  an<l  tin.  6th,  More  recent  copj)er  lodes.  Some  E.  and  \V.  copper 
lodes  which  are  saiil  to  cut  the  contra  lo<les  and  cross-courses  are  placed  in  this 
class,  and  also  some  containing  lead  ore.  Tliese  are  said  to  have  more  flukan  than 
the  preceding  classes.  7th,  Jtluhinx,  and  8th,  SUdeSy  contain  nothing  but  claf, 
but  are  said  to  intersect  and  heave  all  the  rest,  and  the  slides  to  affect  the/nia** 

This  arrangement  is  a  gra])hic  way  r>f  representing  the  facts,  but  it  has  already 
been  pointed  out  that  the  intersection  of  veins,  unless  obser\'ed  with  great  caution, 
is  a  less  trustworthy  gn>und  of  determination  of  their  relative  dates  than  it  would 
be  in  the  case  of  the  intersection  of  dykes  and  veins  of  igneous  rock.  Dr.  Boa«i 
in  a  subsequent  imper,  points  out  that  there  are  exceptions  to  all  Mr.  Game's  classes 

•  Henwood,  Op.  cit.  2S3. 
t  In  his  well-known  paper  already  cited.  Trans.  Roy.  GeoL  Soe.  Cormctttt,  vol.  U. 
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8.  Mr.  Gum  more  wcmtij  olMored  tluit  wlieii  lodM  inteneei  or  imito  at 
mr  angl«  than  46*,  the  nnion  ii  not  prodnctiye,  bat  if  tbej  meet  «t  an  angls 
or  8Qr  the  richnen  of  the  vein*  ii  generally  increased.* 
appears  that  the  mle  as  to  the  directions  d  the  hsavei,  when  one  vein  is  eat 
«tlier,  though  in  many  cases  the  same  as  the  rale  as  to  the  heave  or  throw  of 
tilled  bed  when  intenected  by  a  fuilt,  is  by  no  means  invariably  so.  If, 
BT,  an  inclined  vein  existed,  and  was  filled  ap  by  span  and  ores,  and  that 
ere  cat  by  a  faalt  which  afterwards  became  a  mineral  vein,  there  woald  be 
•on  why  the  direction  of  its  hecme  or  throw  shoald  be  different  from  that 
it  would  hare  had  if  it  had  been  a  bed  interMcted  by  a  fralt  When  this 
t  not  followed,  then  the  e¥id«nce  as  to  the  relative  age  of  the  interMctlag 
teoomes  ontrnstworthy. 

rboiUM. — The  carbonas,  which  Mr.  Henwood  says  are  analogous  to  the  pipe 
^  the  north,  appear  to  be  oavemous  spaces  which,  however  th^  were  formed, 
ftbsequently  filled  with  spars  and  ores,  and  other  matters,  in  the  same  way 
pipe  veins  were  filled,  namely,  by  the  deposition  of  thoeo  matters  tnm  per- 
8  waters.  He  describes  the  one  which  occurs  in  the  St  Ives  Cone(didatad 
I*  as  a  large  chamber-like  enlaigement  of  the  lode,  from  which  strings  and 
■vich  off  in  all  directions.  It  is  in  the  granite,  and  varies  ihnn  24  fed  to 
t  in  height  and  width,  and  has  been  traosd  for  240  yards  lengthwise.  Iti 
ta  are  quartfc,  felspar,  schorl,  and  oxide  of  tin,  irregulsrly  disseminated,  but 
ta  it  contains  fluor  (which  the  lode  does  not),  chlorite,  common  and  blistered 
r  pyrites,  iron  pyrites,  and  traces  of  vitreous  copper  ore  or  copper  glance, 
whole  may  be  described  as  an  assemblage  of  pipes,  strings,  branches,  shoots, 
ins,  converging  into  one  grand  trunk,  which  extends  to  the  S.E.,  dipping  at 
.  It  is  on  all  sides  surrounded  by  hard  granite,  and  nowhere  reaches  the 
e." 

loors  of  Tin  Ore.^ — ^The  ''floors"  are  spoken  of  as  beds,  and  beds  of 
Bet"  and  "  hornblende  slate"  are  mentioned  ;  and  also  floora  of  ochraceous 
xme  alternating  with  the  tin  stone.  They  are  said  to  dip  at  the  rate  of  three 
>&  a  fathom  (27^)  to  the  north,  and  to  have  been  worked  for  a  distance  of 
ittbonis  both  on  the  dip  and  the  strike.  It  would  appear  as  if  the  rock 
He,  elvan,  and  killas,  but  chiefly  the  former)  had  been  impregnated  by 
'  irregular  but  parallel  layers,  or  short  interrupted  veins  of  tin  stone.  In 
^ttUrd  there  were  perhaps  twenty  floors  of  tin  stone  in  the  slate,  within  forty- 
^  of  the  surface,  one  of  them  being  two  feet  thick  and  two  feet  wide,  and 
oecmred  near  the  junction  of  several  tin  lodes.%  At  Botallack  tin  floors 
^  both  in  slate  and  in  granite,  both  near  the  junction  of  tin  lodes,  and 
•  BO  such  junction  took  place  :  the  **  floors  "  of  tin  ore  alternated  with  floors 
le"  country  "  (whether  slate  or  granite),  each  being  from  six  to  twelve  feet 
t  tod  from  ten  to  forty  feet  across.  They  were  always  found  on  one  or  both 
of  a  tin  lode,  but  sometimes  only  connected  with  it  by  a  string,  i|  Copper 
bo  lometimes  occurs  in  floors.  | 

Sold  Mines.— Gold  is  found  disseminated  in  grains,  crystals,  threads, 

ets,  ^  nuggets,''  and  other  irregular  forms,  through  many  different 

i.    It  is  very  commonly  associated  with  the  quartz  of  quartz  veins, 

in  granite,  gneiss,  schist,  etc     But  it  is  also  more  rarely  met  with 

hmi.  (ML  Soe,  ComvaU,  voL  iL  p.  809.  t  Ih.  voL  v.  p.  16. 

Meribed  in  a  paper  by  Mr.  Hawklnt  in  the  2d  voL  of  the  Trans.  Bop.  Otei.  Soe. 

iB»  "On  the  stratified  deposits  of  tin  stone,  eaUed  tin  floon,"  which,  however,  I 

Qt  found  very  easy  to  nndentaod. 

ns,  0^.  eit  vd.  ii.    Mines  of  St.  Just 

MM^  Ik.  e<t  T  fleowood.  Op,  cU, 
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in  the  form  of  grains  in  the  shales  and  other  unaltered  stratified  rocks, 
It  usually  occurs  as  native  gold,  that  is  pure,  or  only  slightly  alloyed 
by  its  mixture  with  other  metals.  It  is  often  found  mixed  with  iron 
pyrites,  or  with  silver,  as  silver  is  with  galena.  The  veinstone  in  which 
gold  is  found  is  generally  a  pure  white  quartz,  in  which  other  ores  are 
sometimes  mixed,  especially  those  of  iron,  usually  in  the  form  of  iron 
pyrites. 

In  the  auriferons  districts  j  of  Australia  the  veins  of  gold-hearing  quartz  an 
spoken  of  as  **  reefs."  The  r^:ular  parallelism  of  the  north  and  south  quarti 
veins,  laid  down  on  the  heautiful  maps  of  the  Geological  Survey  of  Victoria,  under 
the  direction  of  my  old  friend  and  colleague  Mr.  R.  A.  C.  Selwyu,  suggebls  the 
idea  of  these  reefs  being  regular  lodes.  An  excellent  digest  of  Mr.  Selwyn's 
operations  is  given  in  ^^oUa  an  the  Physical  Oeognijjhy,  Geciogy,  and  Mintnif/gn 
of  Vietoruif  by  himself  and  his  colleague  Mr.  Ulrich,  published  in  Melbourne  in 
the  year  1866.  These  quartz  "reefs "  are  described  at  p.  13  and  elsewhere,  and 
they  are  especially  well  delineated  on  the  sheets  of  the  map,  Nos.  9,  13,  1-4,  and 
15.  They  are  said  to  be  inclined  at  all  angles,  both  to  the  E.  and  the  W.,  vaiyiog 
from  the  vertical  to  the  horizontal,  occasionally  coinciding  with  the  planes  of  thi 
strata,  sometimes  with  those  of  the  joints,  or  the  cleavage,  and  occasionally 
crossing  alL  They  vary  in  width  from  a  mere  tliread  to  130  feet.  These  quarts 
veins  have  been  mined  to  a  depth  of  590  feet,  stone  from  that  depth  having 
yielde<l  five  ounces  of  gold  to  the  ton.  The  slates  traversed  by  these  quartz  veiM 
are  of  Lower  Pala-ozoic  age.  One  curious  fact  mentioned  is,  that  in  the  deeper 
parts  of  the  quartz  reefs  tlie  gold  is  disseminated  in  more  minute  particles  than 
nearer  the  surface;  and  that  no  " nugget "  has  ever  been  found  in  a  **qaarU 
reef,"  at  all  rivalling  in  size  those  more  magnificent  masses  found  in  the  allurial 
deposits,  wliich  are  of  course  derived  from  the  waste  of  still  higher  parts  of  lh« 
reefs  than  those  which  now  appear  on  the  surface.  *  The  gold  procured 
directly  from  the  "quartz  reefs  "  mostly  occui-s  "  in  hackly  grains,  thin  plates  with 
ragged  e<lge8,  often  above  one  inch  stpiare,  in  filiform  shapes  and  irregular  cr}'stal- 
line  masses,  but  very  rarely  arborescent  or  reticulated.  Perfect  crjstals  of  gold 
occur  generally  in  the  clayey  or  ferruginous  ochry  casings  of  the  reefs,  near  the 
surface."  These  crystals  occur  there  under  the  same  conditions  as  those  rarer 
mineral  forms  found  in  Cornwall  in  the  gossan  on  the  "  backs  "  of  the  lodes, 
where  the  minerals  have  been  acted  on  by  the  weather.  In  the  deei>er  pajts  oi 
the  quartz  reefs  there  is  often  no  appearance  of  any  gold  at  all,  although  it  is  dif* 
fused  through  the  mass  of  the  veinstone  in  very  profitable  (juantitios.  There  is  a 
very  remarkable  flj>eculation  of  Mr.  Selwyn's,  to  the  effect  that  the  large  nuggeti 
foimd  in  the  drift  of  certain  localities,  and  not  in  the  "  reefs  "  or  even  in  the  drift 
of  other  districts,  may  perhaps  have  been  increased  in  size  by  the  passage  of  wattf 
through  the  drift,  containing  gold  in  solution,  and  depositing  it  on  the  smaller 
masses  already  existing  there.  In  sui)port  of  this  speculation  it  is  stated  that 
auriferous  iron  pyrites  occurs  in  the  cavities  of  pieces  of  driftwood  in  these  gravels, 
ami  in  the  form  of  roots  and  branches  of  trees.  Mr.  SelwjTi  also  states  that 
Mr.  Daintree  has  observed  that  a  speck  of  gold  lying  in  a  solution  of  chloride  of 
gold,  was  increased  several  times  in  size  after  a  small  piece  of  cork  had  fallen  into 
the  solution,  as  if  the  presence  of  organic  matter,  which  is  found  abundantly  in 
the  drifts,  contributed  to  the  deposition  of  gold  from  its  solution.    Mr.  C.  Wilkin- 

*  The  largest  "  nugget "  ever  found  in  a  quartz  reef  is  said  to  have  weighed  fonrteen 
pounds,  and  to  have  been  gut  at  a  depth  of  forty  feet  The  largest  nugget  found  in  the 
gravels  ia  said  by  Mr.  A  Phillips  to  have  weighed  23S  lbs.  4  oa.  troy. 
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ologictl  Swvcjof  Vietority  likewise  obeenred  thtt  not  only  particles 
hose  of  wMOf  other  metalH  and  mineral!,  immersed  in  a  solution  of 
Jd,  reoelTed  ooatings  of  gold  when  any  oi^ganio  matter,  as  a  chip  of 
>pped  into  the  solution.  Mr.  Selwyn  remarks  that  the  waters  that 
h  the  drifts  dwing  the  oatponrings  of  the  great  basaltic  maises  which, 
etc,  OTeriie  some  of  the  auxiferous  sands  and  gravels,  would  probably 
>re  or  less  thennal  and  saline,  and  it  is  only  in  the  regions  where 
;  plateaux  occur  that  the  large  "  nuggets "  are  found  in  the  drifts, 
tr  districts  rarely  exceeding  an  ounce  in  weight.  Here,  again,  we 
3  coincidence  of  aigument  in  fsTOur  of  the  aqueous  and  com|>tirativeIy 
I  of  many  of  our  metalliferous  deposits.* 

er  metals  besides  gold  occur  in  the  auriferous  **  quarts  reeb  "  or  lodes 
especially  the  ores  of  copper,  lead,  tin,  and  iron,  but  they  are  com* 
^ected  by  the  miners.  Numerous  spars  also  occur,  many  of  them 
died  **  precious  stones,**  or  gems. 

IS  Utely  been  published  by  Mr.  A.  Phillips,  entitled  Th$  Mining  and 
^  Odd  and  Silver^  in  which  the  student  will  find  ample  information 
!t  It  is  there  stated  that  Mr.  Selwyn,  Judging  ftom  the  oompara* 
rayels  of  an  older  tertiary  period,  compared  with  those  of  a  more 
has  come  to  the  opinion  that  there  must  have  been  two  sets  of 
one  comparatively  poor,  preceding  the  Miocene  period ;  while  the 
lets  of  reefs  were  of  a  ridier  character.t  It  is,  however,  obviously 
the  same  set  of  **  reefs  '*  may  have  become,  in  the  latter  iMsriod, 
npregnated  with  gold  that  they  were  previously. 
.  Uenwood  has  in  the  press  a  work  on  Mining,  of  which  he  has 
as  to  let  me  see  the  proof  sheets  of  the  port  relating  to  the  gold- 
118  Geraes  in  Brazil.  They  are  full  of  the  most  valuable  deKcri]:>- 
ails,  but  rather  adapted  to  the  professed  miner  than  the  student, 
rever,  from  his  descriptions,  that  there  is  a  great  series  of  rocks, 
^anite,  gneiss,  micaceous  and  talcose  schists,  and  clay-slate,  all  in 
nated  with  gold.  In  one  part,  gold  in  groins  is  said  to  occur  ss 
onstituents  of  the  granite,  and  to  be  Hcattered  here  and  there 
hole  series  of  other  rocks.  Veins  of  auriferous  quartz,  either  veins 
a  or  lodes,  occur,  either  coinciding  with  the  stratification,  the 
te  joints,  or  crossing  them  all  obliquely.  Bands  of  different  kinds 
re  said  to  occur  in  some  of  the  clay  ironstone  interstratifted  with 
.  associated  with  these  are  certain  conformable  beds,  from  which  the 
of  gold  have  been  obtained.  These  vary  from  two  to  six  inches  in 
extend  for  many  feet  or  fathoms,  containing  lumps,  flakes,  and 
»Id,  sometimes  isolated,  often  clustered,  but  generally  united  by  in- 
eads  of  gold.  These  layers  are  said  to  get  gradually  poorer  in  gold, 
o  the  neighbouring  strata.  They  seem,  in  their  mode  of  occurrence, 
he  iron  pyrites  (sulphur  ore)  of  Wicklow,  except  in  their  much 
ity.  Mr.  Warrington  W.  Smyth  long  ago  described  $  the  latter 
xuiring  not  in  a  lode  with  distinct  walls,  but  as  impregnating  the 
f]uantity  in  a  certain  band  of  country,  running  N.E,  and  S.W.  for 
les,  and  perhaps  accompanying  a  lode  or  fissure, 
ous  mode  of  occurrence  of  silver  is  mentioned  by  Mr.  A«  PhiUlpsf 

It  win  find  much  nseftil  information  on  these  gold'reefii,  and  the  theories  ss 
in  Mr.  Brough  Smyth's  handsome  volume  on  the  QM  FUUt  ^  Vietcria, 
}. 

tint  Btcordi  ^tkeOtUogiu^l  Survey,  vol  I  p.  8, 
ttft. 
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in  his  description  of  the  silyer-mines  of  Norway.  He  says,  **  These  mines  ire 
sitaat«d  in  gneiss  and  mica-schist.  .  .  The  silver  occurs  in  what  are  called 
fahlbands,  which  consist  of  parallel  belts  of  rock  .  .  the  direction  of  which  j 
is  nearly  N.  and  S. ;  they  are  irregular  in  their  dimensions,  but  oonstantlj  pre- 
serre  a  certain  degree  of  parallelism  with  each  other,  and  may  be  traced  for  id  j 
extent  of  several  miles."  .  .  The  fahlbands  are  themselves  traversed  by  true 
veins  containing  silver  ore,  but  only  when  they  intersect  the  fahlbands. 

Stanniferous  and  Auriferoua  Gravels:  Stream  works. — Tio  and 
gold,  two  of  the  mo8t  valuable,  and  one  of  them  the  heaviest  of  metals 
(except  platinum)  have  been  procured,  and  are  still  being  procured,  in 
different  parts  of  the  world,  not  only  in  veins,  or  from  the  mass  of 
rocks,  but  from  the  clays,  sands,  and  gravels  of  river  valleys  in  which 
the  debris  of  the  rocks  has  been  deposited.  Their  occurrence  there  is 
obviously  no  port  of  our  present  subject,  and  it  may  simply  be  noted 
that  many  of  these  deposits  are  richer  in  ore  than  any  part  of  the 
mass  of  the  rock  or  veins  from  the  degradation  of  wliicH  they  have  heen 
derived.  This  manifestly  results  chiefly  from  the  destruction  of  these 
rocks  having  been  effected  by  the  forces  of  denudation,  and  the  greater 
specific  gravity  of  the  metals  having  rendered  their  transport  less  eaey 
than  that  of  the  rock.  The  siliceous,  argillaceous,  and  calcareous  par- 
ticles have  been  carried  off,  the  heavier  metalliferous  ones  have  been 
left  behind  * 

Tlie  tlieoretical  considerations  suggested  by  mineral  veins  do  not 
come  within  the  scope  of  the  present  or  geognostic  section  of  this 
Manual.     This  will  be  discussed  in  the  section  on  Geological  Agencies. 

Explanation  of  some  liCinins  Terms,  t 

Adit — The  gallery  or  level  driven  in  from  some  neighbouring  low  ground  to  cut  4 

vein. 
After-dump  or  Choke-damp — Carbonic  acid  gas,  which  usually  succeeds  to  an  ei* 

plosion  of  "  firo-danip  "  in  a  coal-mine. 
At  tie — The  refuse  of  the  workings  of  a  vein  mine. 
Back  of  a  lode — The  part  near  the  surface,  or  that  above  the  adit  level,  generally 

more  or  less  affected  by  weather. 
Blnck  jack — Zinc  blende,  sulpliide  of  ziii^. 
Board,  or  Brow — The  gallery  in  a  coal-mine  which  is  cut  across  the  **face"rf 

the  coal. 
Brattice — A  wall  of  timber  or  brick,  either  dividing  a  shaft  into  compartments,  or 

erected  across  a  gallerj'  either  temjwrarily  or  permanently, 
Buddie — A  trough  for  washing  pounded  ore,  and  separating  it  from  the  gangae. 
CapeU — Siliceous  bands  at  the  sides  of  the  lodes  in  Cornwall,  etc. 

*  Many  curious  and  interesting  aeconnts  of  the  washing  for  tin  and  gold  will  be  foood 
in  the  works  already  referred  to,  and  in  other  similar  ones. 

t  In  the  last  edition  of  this  Manual  there  was  a  chapter  containing  some  notes  on tbi 
art  of  mining.  The  publication  of  Mr.  Warrington  W.  Smyth's  little  work  on  Coai  v4 
Coal-mining  renders  any  remarks  of  mine  on  that  subject  quite  superfluous,  and  1  bop*  ^ 
will  shortly  give  us  a  similar  book  on  "Vein-mining."  It  may  be  useful,  however, t« 
retain  in  an  amplified  and  corrected  form  the  explanation  of  mining  teims. 
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t— Oovnish  name  for  a  laige  caTcmoiis  anlaigement  of  a  lode. 

Barytas,  aolpliata  of  baiyta. 

on  Xoda— lliemain  Tdn,  as  distiognished  from  lateral  strings  and  branehes. 

-Gomiah  term  tcr  either  sdunrl  or  hornblende. 

-Old  worin  on  the  tin4odes  in  GonwalL 

■1^ — Sinking  shallow  futs  at  intervals  down  to  the  solid  rock,  and  then 

▼ing  headings  at  right  angles  to  the  general  course  of  the  veins  in  a 

mtry,  for  the  pnipose  of  discovering  ore. 

,  Cantm,  or  Cmmtar  Lode — ^A.  lode  cutting  a  "right  lode  "  obliquely  be- 

sen  it  and  the  cross  course. 

r  or  Oround — ^The  mass  of  rock  through  which  a  vein  nms. 

mrw— A  lode  more  or  less  neaily  at  right  angles  to  the  main  or  right 

ming  lodes  of  a  district 

ut — A  horiaontal  gallery  not  driven  in  the  lode. 

Zafarn — ^A  vein  of  flukan  running  like  a  cross  course. 

-The  rubbish  left  behind  in  working  a  Tein-mine. 

'em — ^A  northern  term  for  one  that  carries  no  ore. 

*  Dank — ^A  northern  term  for  a  mass  of  clay  in  a  vein. 

Kit— A  Norwegian  term  for  belts  containing  silver  ore,  which  run  in  parallel 

and  8.  lines,  but  seem  to  be  interstratified  with  the  slate-rocks. 

1^9 — Carburetted  hydrogen  gas,  which,  when  mixed  with  a  certain  |»ropor- 

a  of  air,  becomes  explosive  on  the  application  of  flame.    In  some  coalfields 

s  called  eulphur.     Sir  H.  Davy  showed  that  a  mixture  of  seven  volumes  of 

to  one  of  fire-damp  is  the  most  explosive  compound  ;  when  the  propor- 

as  of  atmospheric  air  are  less  than  four  or  more  than  fourteen  to  one  of 

-damp,  it  is  not  explosive. 

A.  northern  term  for  deposits  of  ore  that  take  the  place  of  beds. 

-See  Hn-JUx/n, 

or  Flvkan — ^A  vein  or  seam  of  clay,  or  any  impure  argillaceous  substance 

urring  in  a  vein. 

otZ^ — The  under  wall  of  an  inclined  vein. 

— The  matrix  of  the  ore  in  a  vein. 

\d, — A  gallery  driven  along  the  "  face  "  of  the  coal,  a  main  passage  or  road 

I  mine.     Gate  literally  means  that  through  or  along  which  you  go.     In 

ny  towns  the  old  streets  are  called  gates,  not  because  they  lead  to  what 

should  now  call  the  gates  of  a  town,  but  because  they  were  the  places  for 

iig  along.     A  gate  is  properly  a  passage,  not  that  which  stops  it 

"  Ocb — ^The  more  or  less  empty  space  left  by  the  extraction  of  a  seam  of 

L 

-The  refuse  Augments  left  in  working  a  coal-mine,  often  piled  up  to  sup- 

t  the  roof  in  the  part  worked  out. 

—A  brown  ochrey  substance,  often  found  at  the  surface  part  of  a  lode  ;  it 

sists  of  oxide  of  iron,  often  in  a  powdery  state,  like  ordinary  iron  rust, 

ting  quartz,  or  other  substances  in  the  vein. 

— Granite  decomposed  in  aitu,  often  at  great  depths. 

-The  name  applied  to  crose  courses  at  St  Just,  Cornwall. 

The  inclination  of  a  vein  or  fault  from  the  perpendicular. 

7  WcUl — The  upper  wall  of  an  inclined  vein,  or  that  which  hangs  over  the 

ler's  head  when  in  the  vein. 

f — A  small  gallery  driven  in  advance  of  a  gate-road,  or  for  any  temporary 

jMse. 

-Cutting  under  a  bed  of  coal  for  a  certain  distance,  so  as  to  deprive  it  of 

pport,  and  allow  of  its  falling  down  when  cut  away  at  the  sides,  or  when 

Igei  are  driven  in  at  the  roof. 

Commooly  applied  h^  yein-mlnen  to  anj  large  detached  man  ot  xocV. 
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occurring  in  a  vein,  or  lying  between  two  branches  of  a  vein :  by  colliers  to 
any  mass  of  rock  occurring  in  the  coal. 

Jockey  or  Jackhead  Pit — A  small  shaft  sunk  in  a  coal-mine  for  any  temporary 
purpose. 

KiUas — The  Cornish  term  for  clay -slate,  especially  when  fhigile  and  easily  break- 
ing into  small  fragments. 

Leader — A  string  or  small  vein  which  leads  to  the  main  vein,  or  is  supposed  to 
do  so. 

Level — A  horizontal  gallery  driven  in  a  metalliferous  vein. 

Lochj  or  Loch'hole — A  northern  term  for  a  cavernous  space  in  a  vein,  sometimeB 
large  enough  for  three  men  to  turn  in. 

Peach — Any  soft  green  chloritic-looking  substance  in  a  vein. 

Pitch — A  portion  of  a  vein  prepared  and  set  apart  for  working. 

Pit  eye — Coal  left  surrounding  the  bottom  of  a  shaft,  so  as  to  prevent  the  rt)da 
about  it  or  the  shaft  itself  being  shaken. 

Prian — A  Cornish  term  for  soft  white  clay  in  a  vein,  which  is  supposed  to  be  « 
good  indication  of  ore. 

Quick  Vein — A  northern  term  for  a  vein  that  bears  ore. 

Rake  Vein — A  northern  term  for  a  fissure  or  fault  which  carries  spar  and  ore. 

Rider — A  mass  of  rock  or  of  compacted  fragments  in  a  vein. 

Rising — Excavating  upwards.  j 

Shaft — A  pit  open  to  the  surface. 

Shakes — The  same  as  lochs. 

Shocul'Stones — Fragments  of  ore  found  in  a  stream  below  where  it  crosses  a  vein ;  -j 
sheading  is  searching  for  these  stones  in  order  to  find  the  vein.  Sometimes  J 
the  stream  may  l>e  banked  up  so  as  t^  make  a  small  lake  or  pond,  which  is  \ 
then  suddenly  let  loose  in  order  to  wash  the  bed  of  the  stream  bare,  and  dis*  | 
close  any  veins  or  lodes  that  may  cross  it.  1 

Sinking — Excavating  downwards.  .: 

Skew — A  northern  term  for  a  fissure  or  vein  striking  out  irregularly  from  the  main  | 
vein  for  a  short  distance. 

Slickenside — A  polished  8triate<l  surface  of  a  bed,  joint,  fissure,  or  vein,  or  my 
other  rock  or  mineral  surface. 

Slides — Cornish  name  for  veins  of  slimy  clay  in  fissures,  generally  running  E- 
and  W. 

Spar — Crystals  of  any  non-metallic  mineral. 

Stemples — In  Derbyshire,  the  shafts  of  the  vein-mines  are  often  ascended  and 
descended,  not  by  ladders,  but  by  pieces  of  wood,  called  stemples,  fixed  in  the 
side  of  the  shaft. 

StopCf  or  Step — Tlie  i»arts  of  a  vein  in  work  ;  one  set  of  men  having  proceeded, 
another  set  follow  them  and  excavate  the  next  step  above  or  below  the  first, 
according  as  the  etopes  are  overhand  or  underhand,  Overhanii  stopes  aW 
those  where  the  miners  excavate  the  stuff  above  a  level  by  successive  step* 
upwards,  building  stages  as  they  proceed,  in  order  to  catch  the  stuff  as  it 
falls.  Underhand  stopes  are  those  in  which  they  dig  down  below  a  level  in 
successive  steps,  likewise  erecting  stages  as  they  proceed,  and  leaving  or 
making  a  })ernianent  roof  or  covering  to  the  level  below. 

Stoicces — In  the  part  of  Derbyshire  known  as  the  King's  Field,  any  man  who  can 
discover  a  vein  has  by  ancient  law  the  right  to  work  it.  He  makes  his  claim 
by  fixing  up  a  windlass,  or  a  small  wooden  model  or  imitation  of  a  windlass 
called  a  Stovxet  which,  if  not  removed  by  the  lord  of  the  soil  within  a  certain 
short  time,  makes  him  owner  of  the  mine. 

String — In  the  north  a  small  fissure  which  runs  in  a  straight  course  at  an  ohliqa* 
angle  from  a  main  vein,  and  either  terminates  or  leads  into  a  paraU^ 
vein. 
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weep,  or  Back — ^A  northern  term  for  a  fissare  containing  ore  which  sweeps  off 
from  the  hanging  wall  of  a  vein  and  comes  back  into  it  again. 

amping — ^A  term  nied  in  blasting,  either  in  a  mine  or  a  quarry,  to  signify  the 
clay,  sand,  or  rubbish  rammed  down  on  the  powder  in  a  bore-hole,  for  the  pur- 
pose of  preventing  the  powder  from  being  merely  blown  out  of  the  hole  as 
from  a  gun,  and  compelling  it  to  burst  the  rock  in  which  it  has  been  drilled. 

Un-Jlocra — Horizontal  layers  of  tin  ore,  which  seem  as  if  interstratified  with  the 
including  rock. 

'mtCT» — ^The  name  given  at  St.  Ives  to  a  eroaa  course, 

'ribulers — A  Comish  term  for  men  who  undertake  to  get  a  certain  "  pitch  "  of  a 
vein  for  a  percentage  of  the  profits,  varying  perhax)s  from  a  quarter  to  three 
quarters,  according  to  the  richness  or  poorness  of  the  vein. 

'vUnnff — In  sinking  a  shaft  for  a  coal-mine,  if  a  soft  incoherent  bed  be  met  with, 
or  if  a  great  in]9uz  of  water  occur  in  any  beds,  iron  cylinders  are  built  into 
the  shaft,  to  prevent  either  the  incoherent  matter  or  the  water  from  falling 
into  the  mine  below. 

^uimtn — A  Comish  term  for  miners  who  excavate  any  matter,  either  rock  or 
vein  stuff,  at  so  much  a  fathom  or  so  much  a  ton — ^those  who  work  by  piece- 
work. 

Underlie — ^The  inclination  of  a  vein  or  fault  from  the  perpendicular,  the  comple- 
ment of  the  dip. 

rnji  Stone — ^The  compact  or  uncrystallised  non-metallic  contents  of  a  vein. 

ToyA,  or  Vugh — An  occasional  cavity  or  hole  in  a  vein. 

Walls — The  sides  of  a  vein  ;  when  inclined,  the  one  which,  when  the  miner  is  in 
the  vein,  hangs  over  his  head,  is  called  the  hanging  or  top  wall,  the  one 
xmder  his  foot  is  called  the  foot  or  ledger  wall. 

Wheal — In  Cornwall,  mines  are  often  called  Wheals,  a  way  of  spelling  the  old 
Comish  name  Huel,  a  mine. 

WiwK — In  a  vein-mine  what  a  jackey-pit  is  in  a  coal-mine  :  a  shaft  not  sunk  from 
the  surface,  but  in  the  mine,  to  communicate  between  the  different  levels. 
In  a  large  vein-mine,  however,  they  are  numerous  and  necessary  parts  of  the 
workings. 
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CX)NCBETIONS   IN   ROCKS. 

In  many  rocks,  aqueous,  igneous,  and  metamorpbic,  there  occur  con- 
cretions of  mineral  matter,  sometimes  formed  contemporaneously  with 
the  rocks  in  which  they  occur,  sometimes  the  result  of  subsequent 
segregation.  In  the  present  chapter  we  are  concerned  not  with  the 
various  hypotheses  as  to  the  origin  of  these  bodies,  but  with  the  natoie 
and  occurrence  of  the  concretions  themselves.  By  &r  the  most  abun- 
dant and  characteristic  varieties  occur  in  aqueous  or  sedimentary  rocks. 
Those  in  the  igneous  and  metamorphic  rocks  are,  as  a  rule,  much  less 
frequent  and  less  distinctly  characterised. 

I.  ConoretionB  in  Aqueous  or  Sedimentary  Bocks. 

In  Bandatones. — Many  sandstones,  on  being  broken  0}>en,  show  parallel  con- 
centric bands  of  colour,  usually  of  a  darker  brown  or  darker  red  than  the  general- 
ity of  the  stone,  extending  from  an  inch  to  several  inches  from  the  surface  of  the 
block  towards  its  interior.  These  bands  of  colour  are  usually  confined  to  single 
blocks  of  the  rock,  but  sometimes  extend  through  two  or  three  a^jaoent  blocks, 
and  in  some  instances  through  several  distinct  beds  of  sandstone.  The  most 
striking  case  observed  by  the  author  was  on  the  south  side  of  Flagstaff  Point, 
Wollongong,  N.  S.  Wales,  where  a  fine-grained,  thick-bedded,  reddish  or  grey, 
slightly  calcareous  sandstone,  showed  concentric  bands  of  colour,  some  of  which 
extended  through  eight  or  ten  beds,  the  bands  being  a  foot  in  breadth,  and  the 
space  enclosed  by  them  from  twenty  to  thirty  feet  in  diameter.  The  rock  herf, 
as  is  usually  the  case,  showed  a  tendency  to  weather  along  these  bands,  and  some 
of  the  smaller  blocks,  in  which  the  concentric  bands  were  confined  to  the  single 
blocks,  readily  decomposed  to  a  mere  nodule,  in  the  centre  of  which  a  fossil  shell 
or  coral  often  disclosed  itself.  The  i)resence  of  small  quantities  of  calcareous  and 
ferruginous  matter  diffused  through  the  sandstone  is  doubtless  one  of  the  conditioDS 
necessary  for  the  production  of  these  structures. 

Many  sandstones  contain  concretions  of  iron  pyrites,  varying  in  size  from  mere 
grains  up  to  masses,  sometimes  at  least  as  large  as  the  fist.  When  such  concre- 
tions are  minute,  and  therefore  not  readily  recognisable,  they  often  escape  notice, 
and  the  blocks  in  which  they  occur  are  dressed  and  inserted  into  the  walls  of 
buildings.  £xx>osed  to  the  weather  they  decompose,  and  dark  stains  of  peroxide 
of  iron  soon  disfigure  the  architecture.  The  Sable  de  Fontainebleau  is  a  pare 
white  sand.  It  is  covered  in  some  places  by  beds  of  a  freshwater  limestone  called 
the  Calcaire  de  Beauce.  Water  containing  carbonate  of  lime  in  solution  percolate* 
through  the  sand,  and  deposits  the  lime,  binding  the  sand  either  into  globular  con- 
cretions, or  even  into  rhombohedral  crystals,  such  as  carbonate  of  lime  ordinarily 
forms.  Besides  these  smaller  concretions,  other  large  parts  of  the  sand  have  been 
compacted  together  into  a  very  hard  white  gritstone,  which  is  extensively  used  as 
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Ting  ttoiM.  Tbii  Oiia  d«  FoaUiucblcm  foinu  pictnraaqne  cngs  and  preci- 
B,  ill  Uw  mora  striking,  perhaps,  ftom  tlieir  coDtnut  iriU)  the  loom  rand  la 
di  Um  nuusea  of  conaolidutad  rock  occur.  In  some  cmu  the  quuiiow  gnln* 
tmr  to  be  boand  togetber  by  a  Biliceons  cement,  u  if  the  perooliitiiig  wnter  had 
Ained  diwolred  ailica,  Thi*  is  obviansly  the  cue  in  one  vuietf,  a  glittering 
C  being  produced,  greatl;  raaenibling  ordinary  qusrtnte,  on!y  more  white  and 
K>iiB  ;  this  Tariety  is  c^led  "  Oris  laatrio." 

The  Grea  ite  Buncfaamp  consists  of  similar  locally  consolidated  and  semi- 
Qvtionary  lumps  of  sandstone,  occurring  here  and  there  in  loose  sand.  In 
ta  of  the  north  of  France  these  lamps  of  gritstone  ain  discovered  by  "  sounding," 
F^areing  the  loose  sands  with  an  iron  rod,  *  and  they  are  then  extracted  and 
kan  into  square  blocks,  and  used  for  forming  the  roads  of  the  country. 
In  ShAla  and  Olay.— lliese  are  more  nnmeroos  and  important  thsD  those  in 
idstonea.  In  some  cases  indnrated  shales  assume  a  globular  or  concretionary 
!Mare,  witbont  any  Tery  striking  difference,  except  that  of  form,  being  apparent 
n  Uie  spheroids  and  the  adjacent  shales  (Fig  US).  Sometiines  a  single 
'8,  having  ■  spheroidal,  lenticular,  or  other  form,  sometiioes 


•xb  £lplansti< 


d  throughout,  and  showing  no  tendency  even  to  decompose  in  concentric  coats, 
tetimca  exhibiting  a och  a  tendency  in  a  marked  raanner,  the  hnid  central  portion 
tg  of  small  size  compared  with  the  original  Wl,  somttimea  even  with  the 
centric  coats  detached  before  the  nodule  ia  broken,  so  that  the  central  balls  are 
id  to  rattle  when  the  detached  concretion  ia  stiaken. 
A  ramarkable  instance  is  shown  in  Fig.  120,  of  a  lenticular  nodule  embedded  in 


I  shales  of  the  Dmnt;  Clare,  u>d  cnclming  part  of  *  null  bfer  li 
y  yMt\»  beyond  it  on  neh  lide,  as  shovn  hr 
tlis  line  A  B.     The  nodaie  mi^t 


r  ■%=  .       he  called 


■ll-IXNl  ^: 


atOtiB,  or  ooe  in  which  the  [buiw- 
tioL  ot  teimgiuoaa  matter  it 
iusigDiHcant.      In  Bome  cues  lb) 

D  nodular  concretJonarT  ttrnclm 
throngh   i    "  '  ' 


•faeUa<AI)> 
feet,  one  larger  "plieroid  oflen  encloninK  aeTeral  smaller  onea,  aa  ahown  in  Fif;.  IIJ. 

Tlia  Clay4TontUme»,  which  hare  )>cen  ao  l»;nly  Che  aource  of  the  Bridib 
mauufacture  of  iron,  |^re  ua  titriklni;  examples  of  this  Dodalar  concrttioDarr  ttrw- 
ture,  since,  while  tliey  occur  in  regular  buU,  sncit  ru  we  can  aupjiose  to  bate  !<m 
ai>[>aratol7  deposited  as  heda  of  clny  iroimtone,  in  the  ehape  in  which  we  now  fad 
them,  tliey  alao,  ami  inoiit  freiguently,  form  layera  of  irrtgrular  concretioiiUT 
nodules  in  ithnle  or  clny.  ThcM  concretions  are  Bometimea  of  veiy  small  bim,  n 
aa  to  be  calleit  Ilus  or  Pennyntiinea,  and  other  similar  designations,  sometimes  Uxf 
are  huge  sjiheroidal  masses  of  several  iuclies,  or  one  or  two  feet,  or,  more  nrelri 
eren  fire  feet  in  iliameter.  Tlio  larger  nuisaes  generally  show  imf>u1nr  an^lir  {m 
Pig.  131)  cavities  in  the  ceiitn',  some- 
times >|uile  tmjity,  at  othen  more  or 
less  foil  ot  s|iar,  of  carbonate  of  lime,  or 
viirlioLiatc  of  iron,  mid  not  unfrvjucntly 
witli  smull  crystnUi  of  Uendc  (HUliihide 
of  2inc),  or,  more  rarely,  of  galena 
(sulphide  of  lead).  The  aiie  of  these 
cavities  generally  incre.ises  towanls  tlie 
centre  of  the  ma^u,  the  outer  coat  of  tlii' 
ihrIuIo  bflug  ijuite  untravirsed  by  any 
vciru  or  flssuna.  The  reason  of  this  is 
n]>|an-ntly  thiit  consolidation  oi^cnrrci! 
first  in  this  outer  envelope,  the  splier- 
oiilai  form  of  which  rcsiatctl  all  farlhi-r 
contraction,  and  that  the  farther  shrink-  rig.  ui, 

OKO  of  the  interior  was  dlrerteii  towanls         Kuilnle  oilhrt-an  in.nit.me  Inll  .p-i 
this  outer  envelope,  so  as  to  leave  vacant  '     uepUrian  sbme. 

ajKiCBs,  some  of  which  were  afterwarrls 

more  or  leas  fiUeil  up  hy  the  crystallisatiun  of  minerals  that  gained  acc«aa  to  Ihm 
in  a  atate  of  sohitinn. 

Some  clny  ironstones  eihibit  another  concretionary  form,  callcl  "  cone  in  cok," 
na  the  acnni  ot  imiiKtone  lircaks  into  conical  forms  with  the  bases  of  tlie  rnnM  it 
top  and  bottom  of  the  aeam,  and  their  apices  pointing  inwarda  towards  each  otiicf' 
The  aurfai-ea  of  these  oinea  are  comigate.!  hy  smnll  horiaoital  fretUil  wavelets, « 
ridge*,  rather  reiwinhling  those  on  the  outside  of  aome  stalactites,  and  each  coae  u 
concentrically  envchipd  hy  several  coats,  the  surface  of  each  being  siinilulT 
comigateil. 

Some  cools  also  exhibit  n  curious  slnicture  in  the  interior,  somewhat  analogc*) 
to  tliifl,  shi.wing,  when  [Birteii,  a  aeries  of  narrow  winding  cormRated  ridges  urf 
furrows,  about  nn  inch  wide  and  doep,  fitting  closely  into  each  other  till  aepaiatfd 
with  some  little  force.  . 

There  Ofcur  concretionary  .SrjiUiniiH  nodules,  aometiraes  two  or  three  tert  in 
diameter,  in  the  clay  under  Lomloii,  and  other  places,  iu  which  carlwnato  of  lioi* 
plnj's  the  [wrt  whicli  curlmnate  of  iron  dofs  in  the  clay  ironatonca,  the  irregular  in' 
temal  fiasurea  being  formed  in  a  similar  ninnner,  aodHltodnpbycrystalhnecalc-apat. 
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o*  Pj/riUt,  or  Uialphlda  of  Iran,  oecnn  abmidaiitlf  In  Mmi  BrgllUoMnu 

■  wpecdallr  In  daydktaa,  tn  ngnUr  isTitalliM  tonoa,  wbli^  biire  oliviouily 
■wuLiad  bj  Um  sdneinl  *inc«  It  ww  endcaed  in  tho  rook.     IlieM  «ra  loino- 

•ii^  CTTvUls,  KimBtimM  neiits  oT  ineli  cryiUli  two  or  tbrao  InubM  In 
*W.  Onrapi  of  cnble*!  erjitMlt,  cuh  m  incli  acron,  occur  near  Catalicu, 
*^liiiDdUDd,  ind  are  known  ai  caUliaa-stoDS,  flmly  anbsilJed  In  a  graen 
2^  ilat«-nick.  These  crfiUU  Ian  orideDtlr  not  bMO  [oriDed  in  ■  ]ir«- 
'■yniirtlng  caritf,  inch  aa  those  which  an  known  u  "  Aruj  CBvltia,"  hut 
Itadoced  in  tlie  toUd  rock  by  the  Interchange  of  place  betweon  one  kind  ut 
*VI  natter  and  the  other  kind,  and  the  annnipUon  of  a  regular  eryatalllne 
^  the  later  miuBiml. 

%*plafic  noduia  occur  fn  lome  clafi,  and  alao  tn  landttotM  and  UmMtonea, 
'M  uidant  as  the  Lower  BUnriao  period.  In  the  clay  known  aa  the  Oanlt, 
hOeChlocitioHari,  l]1t«at  tliobaMoI  the  elialk  of  CambrldgMbita,  etc, 
timban  of  iwdnlei  occur,  coBt^uIu  It  b  tald,  fthonl  Attn  per  Mat  of  phoe- 
•rfSaie.  nwrarebellBTed  tobeofootmdltleoriglii.  In  tlw  IiOwer  EUlurian 
MesM  and  amdatoiiea  of  Kattera  Canada,  iiimitar  nodulea  oeenr,  often  chaixeil 
ift^mantarr  ibell^  and  eontainlng  about  fort;  per  cent  oT  pboephate  of  lime. 

■  in  eametimea  an  inch  thick,  and  two  indin  long,  coDtalD  embedded 
laoee  gniua,  and,  when  heated,  give  off  itrongl;  ammonlacal  water,  with  the 

aXdmairtimas  and  Dolomite*,  the  moetitriklngandftequentlr-occurring 
rtiOM  in  Unmitone  rocks  are  thoae  of  a  aillcwnu  chuai^r,  inch  ai  the  fllnta 
ilk,  and  the  nuaiea  f  bhck  and  wh  te  ch  rt  n  ca  Ixm  ferona  «a  he  n  e. 
k    (Sialk  Bmta  oocu   as  ronn  ed  noitn  a   tniuuieii    f   ery  rregn  a  an    s  n  o- 


tub  of 

lUbitad,  ai  alH  tbelr  llki 

faatartie  abape,  and  of  all  sizea,  np  to  s  Inot  in  rliameter.  They  are  oom- 
'  white  oola^e,  but  internally  are  of  varioui  ibiidM  of  black  or  brown, 
inuw  pMdng  into  white.     They  haTe  aometimee  canceutric  banda  of  black 

laiTj  Hnat,  In  Logan'a  Gttliin  If  Canada,  403  aod  7Sa.  Theee  Caaadian  nodules  *n 
tbMf  eDpnlltie.  They  contain  ahalla  of  linfula,  a  bnehiopod  the  ahell  at  which, 
It  haa  ibdwn,  contaiiu  In  Ua  flied  re 


314 


GKOGNOBT. 


uh]  white  colnan  inlcnAlly,  mi  eihiUt  nurkingi  deiind  fram  orgtnic  India 
roniul  wliirh  they  Imre  ofUn  been  ranncd.  Pliot  occnn  in  the  Clulk,  not  onlj  io 
nodnlei,  but  alio  in  msris  or  layen,  HiiiMtinici  ibort  and  im^lu',  •ranctiBB 
regular,  oTer  a  diatuice  of  acvenil  yarda.  TligH  lemiBM  raiy  troa  oofr-tanth  of  n 
loch  to  fonr  inchea  io  thickn«s,  aDd  an  commonljr  black  in  colour.* 

Almoirt  all  large  maaau  of  limwtone  have  their  Sinti  or  ailioeoni  cooeretkvi 
Thew  are  frw|iiently  called  rhrrl,  aa  in  tha  carboniferoua  limeatoiic,  »hn*  ll» 
nodules  and  lajen  of  ibtrt 
exactlf  reaemlje  the  ftiiti 
la  the  ebalk.   Evsn  tlx  Uf 
tiary     Unieatonea     annul 
Paria  *hsre  their  flinti,  Iht 
iuemlit«    of    that    locijiQ 
being   nothing   but  a  nJi- 
feoua  rMncretioo,  fouDd  ii 
the  C&lcaire  St.  Ooen,  lai 
_J    fnaaibly  other  place*.    Pan 
Hiliceoiu    coacretkuu  ocea 
even     in    tha    freah-«al>r 
limnitonea  and  gypanis  beJi 
*""  ""■'  of  Montmartre. 
im.lliiiM         The  Chalk,  howenr,  ii 
'  1  ri*  I  '   uianj  places  contains  tnii- 
oncretionary  nodnln 

....  ^>™  .^  „„  „Bun:.  ^f    jj^jl    pyrtUs,     «Om«ilIK» 

an  big  as  the  flst,  of  a  sjiheroidal  form,  and  liariog  internally  a  radieted  KlructoR. 
Two  KUrb  noilulea  are  aometimm  counrct«d  by  a  cylindrical  stick,  so  u  to  lock  it 
firat  like  a  leg'iMine,  theae  nodnles  alwaj's  allowing  throughout  a  radiation  from  llx 
centre  to  the  surface,  which  proves  that  tliey  are  furmed  in  the  place  in  which  thtj 
arc  embedded,  and  are  not  eitrnneoua  luassex  rounded  hy  mechanical  tnniport. 
ItoloiniU  or  ilagfiettan   Limattmt,  wli        '  ... 


Dublin.    TheH  •earn,  like  thoas  In  chalk,  are  ■■ 

iiulte  regular  fur  aonie  dlatance.  and  Ikon  either  __ 

terminate,  ipllt  up,  or  ire  inyoct  toother  Irregularitlea   ^^  ', 


times   like    a    heap    of 

munket-ahot,  or  liunchea 

of  grapes,  or  cnnnon-lolls 

piled  irregularly  on  each 

other.     When   they  are 

like  grapea  they  are  then 

called  Mryiiidal  conrrr- 

tiuna.  ClilfsBhowiagthest' 

various    forms    may   Ik' 

readily    examined    near 

Bnnderlanil,    whera    the 

rock  might  often  be  mia-      n-,_,„,,.  „,  „.,„, 

taken  for  a  conglomerate  ,i,^u„   i4„  X 

formed  of  rollecl  pebblea   ^  ^  inchee  in  dlame 


e  not  proved  partly  by  their  genenUT 


'  E)ee  Oal,  Surv,  Uemoin, 
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lallj  k  ndialad  itmetun,  but  more  rtrouglT  by  the  tMcuireiiM  of 
jution  nmoiiQ  tqntUr  thnmgh  the  amta  ot  the  rook,  uid  the  billi 
It,  u  shown  bi  Fig.  131,  vhetv,  howsrcr,  th«M  horiiontil  Hum 
□  ue  msda  ■  littls  too  prominent  in  the  bulla  and  not  quite 
a  the  rock.  TheM  linH  of  lunineUon  iholr  that  the  lock  wu 
med  by  the  depoaitlon  of  nioGcadTa  lajrui,  the  radlat«d  globular 
ibeeqneQtlr  aBnuneil  b;  part*  of  It 

-.-malt  and  Orpeim.— Tbne  depoaita,  from  thgir  pcnlj  cbemkal 
ight  be  expected  to  exhibit  these  conocetionaiy  forma.  Great  oon- 
■  of  cTTitalline  nit  m*r  be  eeen  in  the  roof  of  Uie  large  Hdt-mlMe 
;h  in  (Aeehire.  OTpenm  fteqnantl;  oocun  aa  nun  velna  and  ooacm- 
ritaUine  maiaea,  and  eren  when  it  haa  been  origliiallr  depodted  hi 
orlayenof  mbinte  oryitala,  that  anangement  li  apt  to  be  tUatnrbed 
BDt  modification  into  larger  oTitalline  platea  of  acjenlte.  iHtaaeet 
be  obaerved  In  the  qnanias  at  IContmarbt^  near  Peril,  where  one  or 
;  or  eight  inehee  in  thlckneea,  oondating  of  thin  layeti  of  nttnate 
fpnint,  are  aometiniee,  for  a  space  of  eereial  yarda,  trsramd  hj  per* 
lalea  of  adenite^  throngh  iriikh  the  oii^nal  laysn  m^  be  dIattDiAlf 


the    (tratiflcabon 

bed*  above  men 
s  tabalar  crjslals 
aka  of  selenit«  of 
arfonn  had  struck 
«  the  bed,  more  or 

right  angles  to  it, 

horunntal  lunina 

)g  obbterated,  bat 

le  places  waved,  as 

(torbed  by  the  for 

)  crystallme  plates, 

theae  wavas  baTing 

on  to  the  facea  and 

enpenndnced  crsn  Tjg  ijt 

1.     This  formed  n        „   Lsyen  of  nnall  orjUslllne  gtsntilss  of  gypsum. 

a  molecutar  change        j   crystsUin.  pl.l«  of  gyp^m.  tr.v««d  by  the 

tartig  taken  plaM   ^,^j,^  ^„  „j  di.pUKsd  grigtiuil  liyeia  of  gnmulM. 

"  'f*  ""^  sabm-  ,p^,„  y^^  ^^  ^t  iBfflcientlj  obUqne  in  the  *ood- 

ito  formation,  hke  ^^ .  ^n  the  faces  of  soim  of  the  ctystils  they  fona 

mUoned  aa  oocni^         ,„  „,  j,.  ^lu,  t,,,  pUne  of  the  beds. 

HToidal  coDcntions 

I  limestone,  and  in  the  stmctnre  of  stalactitea  and  the  limestone  of 

It  yet  remains  for  the  chemist  to  explain  to  ua  the  exact  method  of 

which  these  changea  are  produced. 

rin  crystals  of  selenite  also  occur  in  the  London  and  other  elaya  ; 
Teral  inches  across,  and  prove  the  relative  motiona  of  particlea,  both 
o  make  room  for  the  gypsum,  and  of  Uie  gypsam  that  waa  originally 
■oogh  the  anttoondiiig  clay. 

thM  when  one  mineml  substance  is  diffused  in  compaiBtlTely  small 
jugh  the  mtua  ot  a  rock,  there  is  often  a  tendency  in  that  diffused 
igregate  and  concentrate  itself  upon  particular  points,  and  this  move- 
to  have  taken  place  equally  from  all  sido,  IndependBatly  ot  grftviU- 
**t  only  modifled,  but  not  txmtroUed  bj  it. 
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II.  Concretions  in  Igneous  Bocks. 

Ajb  already  reniarkc<l,  the  concretionary  structure  is  less  characteristically 
developed  in  Igneous  than  in  Aqueous  rocks.  When  it  occurs  in  the  former  it  is 
sometimes  duo  to  the  peculiarities  in  the  cooling  and  crystallisation  of  the  rock, 
and  therefore  congenital  or  synchronous  with  the  formation  of  the  rock  itself,  as  in 
the  case  of  the  drusy  cavities  of  granite.  Sometimes  it  arises  from  suhseqnent 
internal  changes  and  re-arrangements  in  the  rock,  as  in  the  amygdaloidal  kernels 
in  trap-rocks. 

In  Granite. — Many  granites,  though  tolerably  uniform  in  their  texture, 
present  numerous  patches  where  the  component  minerals  have  formed  much 
larger  cr>'stals  round  irregular  cavities,  wherein  are  found  also  other  minenU 
which  either  do  not  occur  at  all,  or  only  rarely,  in  the  main  body  of  the  granite.  In 
these  "  drusy  cavities  "  the  minerals  are  much  more  perfectly  crystallised  than  in 
the  general  mass  of  the  rock,  and  these  are  likewise  the  receptacles  of  the  hesl 
topazes,  ber}is,  cairngorms,  and  other  gems  which  occur  in  granite. 

It  is  not  uncommon  in  some  granites  to  meet  with  more  or  less  ai^ular  ]^e(M 
of  a  dark  micaceous  rock  from  less  than  an  inch  to  several  inches  in  len^^tb. 
They  are  frequently  to  be  observed  with  no  very  sharp  boimdary  Unes,  but  rathtf 
to  shade  into  the  surrounding  granite.  They  resemble  somewhat  in  their  fonn 
and  mode  of  occurrence  the  "  clay-galls  "  of  some  sandstones,*  and  may  possibly 
have  had  originally  a  similar  origin,  but  subsequently  metamorphosed  along  with 
the  rock  in  which  they  were  imbedded. 

In  Trap-Books. — The  globular  structure  revealed  in  many  doleritic  rocks  by  j 
the  process  of  "weathering"  has  been  already  described, f  and  the  remarkable  * 
orbicular  diorite,  or  Napoleonite  of  Corsica,  consisting  of  an  aggregate  of  spherical  ; 
bodies,  has  been  referred  to  in  the  description  of  rocks.  X 

The  most  important  concretions  found  in  trap-rocks  are  those  which  fill  up  the 
amygdaloidal  cavities.  ITiese  cavities,  though  sometimes  empty,  are  most  fre- 
quently filled  wholly  or  partially  with  some  mineral  or  minerals  which  have  been 
subsequently  introduced  into  them.  Tlie  nature  of  the  infilling  substance  depends 
much  upon  the  nature  of  the  rock  itself,  for  the  student  will  find  tliat  in  nico-t 
cases  the  infiltration  of  mineral  matter  into  the  empty  cells  has  been  one  result  of 
the  decomposition  of  the  rock  in  which  these  cells  exist,  an<l  hence,  tliat  wherever 
the  cells  are,  or  once  have  been,  filled,  the  rock  round  about  them  is  sure  to  be 
much  decomptised.  A  strongly  marked  amygdaloid,  therefore,  will  be  found  to 
contain  it«  kernels  in  a  more  or  less  decayed  base.  In  doleritic  rocks,  where 
labradorite  has  been  acted  on  by  percolating  alkaline  water,  the  production  <A 
zeolites  has  taken  place,  §  and  our  finest  zeolites  are  found  in  the  great  doleritic 
plateaux  of  Antrim  and  the  Inner  Hebrides.  The  cavities  are  either  filled  entirely. 
as  hapx>ens  characteristically  with  heulandite  and  stilbite,  or  lined  with  cr}'staLs 
the  latter  form  being  that  in  which  the  finer  specimens  of  apophyllite,  chabasic> 
etc.,  occur.  Instead  of  zeolite,  the  cavities  may  be  lined  or  tilled  with  a  purely 
siliceous  substance.  Thus,  a  coating  of  crj'stals  of  quartz  often  encloses  an  empty 
interior,  or  the  walls  of  the  kernel  are  lined  with  concentric  layers  of  jasper, 
agate,  chalcedony,  wliich  often  fill  the  entire  cavity,  or  allow  the  centre  to  be  occn* 
pied  by  some  crystallised  quartz.  It  is  from  these  amygdaloidal  kernels  that  our 
"  pebble  "  ornaments  are  chiefly  obtained.  In  other  cases,  instead  of  a  purely 
siliceous  infiltration,  we  have  one  of  a  hydrous  magnesian  silicate,  as  chlorite, 
serpentine,  steatite,  or  delessite.  It  often  hap])ens  that  such  a  silicate  merely 
coats  the  cavity  as  a  thin  lining,  the  rest  being  tilled  up  with  some  other  mineral. 

•  See  ante,  p.  127.  f  See  ant*,  p.  182.  X  See  a-ntt,  p.  113. 

§  The  converaiou  of  the  felspars  hito  zeolites,  or  hydrated  felspars,  is  explained  «t 
pp.  85-87. 
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n  the  kemal  Ul*  out  of  tbe  rock  it  it  fonnd  vitli  the  gnea  chtoritic  or 
xtiag  eoTerisf!  iti  eztarior. 

-ap-tutb  coDcntioDi  oocnr  nrnch  u  the;  do  In  same  forms  of  ordtnar; 
U17  rock.  Kodnlta  of  d±j  ironatoDe  tre  foand  Bometimea  among  the 
D»tufli  ot  tlM  euboniferotw  fonDitlooa  of  central  Scotland.  Calc&reoiu 
likewiae  ocRor,  u  in  lome  of  the  WeLah  tnfb.  The  calc&reoiu  conereUolu 
il^n  may  likevlu  be  allnded  to. 

III.  CoDorations  In  Metttmorphio  Book*. 

oncretioDS  are  to  t^ueatly  themseWn  a  product  of  a  partial  metunor- 
r  change  of  the  mineral  chancten  of  rocks,  we  might  reaaoDably  expect  to 
Ji  them  In  tha  racks  that  are  dlitinctively  termed  metamorphic.  Accord- 
t  fiod  that  in  gneixa,  mica^Jiiit,  and  in  the  roclu  alreod;  described  under 
.  of  "  Metamorphic  Parphjriei,"  there  has  he«ii  often  a  tendency  to  the 
km  of  minerals  in  irregular  concretianary  patches.  Lnmpa  of  hornblende, 
larl;  crTstallLsed,  but  full  ot  intermiztore  with  other  minerals,  occar  ia 
it  or  Laurentian  gneiss  of  the  Dortk-weat  of  Scotland.     In  a  similar  naj 

with  groups  of  crystals,  or  rather  crjrsUlUne  concretions,  of  felspar  both 
.  tad  mica-schiHL  Quartz  is  a  common  constituent  of  the  irregular  lamps 
lave  been  Mgregatod  in  these  rocks.  The  process  of  roetamorphisni 
to  have  been  greatly  modified  hy  the  varying  nature  of  the  materials  upon 
',  had  to  operute.  Where  there  were  original  fragments  or  lumps  of 
,  differing  markedly  in  composition  from  the  snrroundiug  rocks  in  which 
,  they  may  have  given  rise  to  a  distinct  new  crystalline  nucleus.  There 
vise  been  a  strong  tendency  in  the  diflerent  minerals,  as  quartz,  orthoclase, 

de,  etc.,  to  gather  together  in  patches  or  concretions,  as  well  as  in  those 
'  fidia  which  distioguish  the  foliated  rocks. 
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Section  L 
U  N  DERQROITND  AGENCIES. 

CHAPTER    XVI. 

FORM   AND    INTERNAL   CONDITION   OP   THE    EARTH. 

In  the  foregoing  part  of  this  Manual  we  have  been  concerned  simply 
with  the  record  and  description  of  the  composition,  texture,  structure, 
and  mode  of  occurrence  of  minerals  and  rocks,  or  with  what  is  termed 
geognosy;  a  consideration  of  the  agencies  involved,  and  of  the  ex- 
planatory theories  which  have  been  proposed  to  account  for  the  appear- 
ances described,  have  been  reserved  for  this  place.  We  now  proj»ose 
to  present  to  the  stutlent  as  succinct  a  resumii  as  possible  of  the 
various  agents  and  processes  which  have  been  concerned  in  the  pro- 
duction of  the  rocks  and  rock- structures  with  which  he  has  already 
become  acquainted.  We  shall  first  consider  the  changes  which  are  in 
progress  beneath  the  surface,  within  what  is  called  the  crust  of  the 
earth,  and  many  of  which  affect  that  surface  in  the  most  momentoiw 
way.  We  shall  then  proceed  to  the  discussion  of  the  agencies  which 
are  at  work  above  ground,  and  show  the  changes  which  they  bring 
about  Lastly,  we  shall  give  an  outline  of  the  results  achieved  by  the 
combined  action  of  subterranean  and  superficial  forces  in  modifying  the 
surface  of  the  earth. 

Form  of  the  Earth. — The  earth  is  an  oblate  spheroid,  the  polar 
diameter  being  7899* CO  statute  miles,  and  the  equatorial,  7926-05* 
or  26^  miles  longer.  The  equatorial  radius,  therefore,  is  about  13j 
statute  miles  longer  than  the  polar  radius,  or,  in  roimd  numbers,  70,000 
feet  If,  therefore,  we  imagine  a  true  sphere  to  be  described  within  the 
earth,  the  radius  of  which  shall  be  equal  to  the  polar  radius,  the  8U^ 

*  These  nnmbera  are  those  deduced  by  M.  Bessel.  It  has  been  lately  stated,  on  good 
aathority,  that  different  equatorial  diameters  vary  in  length  to  the  extent  of  one  or  tf^ 
mile',  bat  these  slight  Tariationi  will  not  affect  the  reasoning  in  the  text. 
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\  of  that  sphere  will  coincide  with  the  actual  Buiface  of  the  earth 
Y  about  the  poles,  but  will  sink  beneath  the  actual  surface,  as  we 
ede  from  the  poles,  gradually  and  regularly,  till  it  is  70,000  feet 
!p  under  the  equator  (see  Fig.  126). 

Let  Fig.  126  represent  a  section  of  the  earth  through  the  poles  P  P, 
1  the  centre  c,  the  line  P  P  being  its  polar  diameter,  and  the  line 
E  its  equatorial  diameter,  and  let  it  be  drawn  on  a  scale  of  2600 
les  to  the  inch.  Then,  if  an  inner  circle  be  drawn  one-tenth  of  an  inch 
ude  PP,  that  wiU  represent  a  depth  of  260  miles,  and  the  circle  VeVe 


Fig.  126. 

ill  represent  the  circumference  of  the  supposed  internal  sphere  drawn 
I  the  polar  radius  c  P.  The  curved  outer  line  P  E  P  E  will  then  repre- 
Qt  the  actual  surface  of  the  earth  protuberant  beyond  this  internal 
here,  but  this  is  not  drawn  to  scale.  The  space  between  the  letters 
I  on  each  side  ought  to  be  only  one-twentieth  of  the  space  between 
and  the  inner  circle,  whereas  it  is  drawn  nearly  as  ^,  since  a  twentieth 
that  space  would  not  be  visible  to  the  naked  eye.  Making  allowance 
r  this  necessary  distortion,  the  outer  line  of  the  figure  will  represent 
e  surface  of  the  earth  bulging  at  the  equator  13^  miles  beyond  the 
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Bupposed  internal  sphere.  This  equatorial  protuberance  m 
as  Professor  Hennessey  once  remarked  to  the  author,  be  11 
great  mountain  mass  resting  on  the  supposed  internal  sphere, 
equal  to  the  whole  surface  of  that  sphere,  and  rising  to  f 
70,000  feet  above  it  under  the  equator.  The  upper  surface 
or  tea-level,  will  form  the  true  mean  or  symmetrical  surfi 
protuberant  shelL  The  surface  of  the  solid  crust  of  the 
irregularly  above  the  teorUvel  into  diy  land,  and  sinks  irregu! 
it  to  form  the  ocean-bed.  The  mass  of  the  dry  land,  hov 
small  compared  with  the  bulk  of  this  protuberant  sheU,  a^  1 
insignificant,  even  when  we  take  into  account  such  a  boss  va 
land  of  Thibet,  with  a  mean  height  of  10,000  or  12,000 
diameter  of  600  miles,  or  such  occasional  pinnacles  as  the  H 
Mountains,  of  which  the  loftiest.  Mount  Everest,  rises  2 
above  the  sea-leveL  The  depths  of  the  ocean  ore  doubtless  \i 
the  heights  of  the  land,  but  it  may  very  well  be  doubted  whi 
of  the  surface  of  its  bed,  except  perhaps  in  the  Polar  rej. 
below  the  protuberant  shell  of  the  earth  down  to  the  sur 
6upi)06ed  internal  sphere  before  mentioned. 

The  irregularities  in  the  surfucc  of  the  earth  are  then  ii 
gularities  in  its  protuberant  shell,  and  they  are  largely  codijh 
by  all  their  lower  hollows  being  filled  with  water,  up  t( 
which  must  certainly  be  considerably  above  the  mean  levt 
irregularities. 

Stability  of  the  Earth's  Axis — Tliis  protuberant  shell, 
partly  of  earth  and  partly  of  water,  provides  for  the  stabi 
earth's  axis  and  the  permanence  of  its  general  form.  The 
cumfereuce  of  the  earth's  equator  is  about  eighty-three  mi 
than  that  of  the  circumference  of  the  true  sphere  enclosed  in 
movement  of  rotation  is  corresi)o«diiigly  more  rapid  than  t 
surface  of  that  sphere.  If,  therefore,  any  disturbing  act: 
internal  or  external,  tended  to  cause  the  earth  to  rotate  on 
axis  than  the  existing  one,  it  would  have  to  overcome  the  rt 
the  greater  centrifu^  force  now  residing  in  the  equatorial 
ance  of  the  earth,  and  transfer  it  to  some  other  circumft 
seems  difficult  to  imagine  any  cause  capable  of  this,  but 
existed,  imless  the  earth  immediately  adjusted  it«  form  t 
motion,  and  transferred  its  protuberance  to  the  new  equate 
turltance  could  only  be  temporary,  and  the  earth  would  in 
begin  to  swing  back,  so  as  to  rotate  upon  its  shortest  diam^ 
axis,  and  its  lai^est  circumference  as  an  equator. 

Ever  since  the  earth  assumed  its  present  form  of  an  oblat 
the  position  of  its  axis  has  probably  remained  within  it  unch; 
the  points  on  its  aorfiice  now  occupied  by  the  north  and  » 
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lued  to  be  its  poltt.  WlieUier  the  present  axis  of  the  eartli 
Qted  to  the  same  point  of  the  heavens  (making  allowance  for 
iodical  motions,  such  as  that  of  natation),  or  whether  it  was 
Lined  23^^*  from  the  pole  of  its  orbit,  and  the  equator  oor- 
\j  inclined  to  the  ediptic,  is  altogether  another  question,  to 
-e  seems  to  be  nothing  in  the  internal  constitution  or  external 
3  earth,  calculated  to  give  an  answer.f 
il  Temperature  of  the  Sarth. — It  is,  however,  very  remark- 
tie  form  of  the  earth,  as  above  described,  is  said  to  be  almost 
;t  of  a  spheroid  of  rotation ;  that  is  the  form  which  the 
d  have  assimied  supposing  it  to  have  been  once  a  fluid  or 

revolving  with  its  present  velocity.  That  the  earth  has  this 
inly  raises  a  strong  presumption  in  our  minds  that  it  was 

or  pasty.     We  may  airive  at  some  conclusions  on  this 
m  the  following  considerations  relative  to  the  temperature  of 
interior  : — 
ranoes, — ^The  phenomena  of  volcanoes  pouring  out  molten 

sides  of  the  globe,  assure  us  that  large  parts  at  least  of  the 
*,  from  some  cause  or  other,  so  heated  as  to  render  the 
f  solid  rock  perfectly  fluid.  Extinct  volcanoes  show  us  that 
16  case  formerly  with  other  parts  of  the  globe,  where  the 
lot  now  apparent.  Other  masses  of  igneous  rock,  all  con- 
1  actual  lavas  by  a  regular  chain  of  gradation,  are  found  to 
eded  from  the  interior,  up  to  or  towards  the  surface,  even 
"e  is  no  ap})earance  now,  and  perhaps  never  was  any,  of 
lauic  vents  upon  the  surface.  This  almost  universal  ap- 
t   the  surface  of  once  molten  rock,  proceeding  from  the 

ners  inform  us  (see  Herachel's  Outlines  qf  AMtronomyt  chap,  zii.,  ut.  S80X  that 
)f  the  ecliptic  to  the  equator  la  now  diminiahiog  at  the  rate  of  48*  in  a  centnry, 
*  the  diminution  haa  reached  a  certain  point,  it  will  again  increase,  the  amount 

their  angle  never  exceeding  1*  21'. 
>tic  were  actually  to  coincide  with  the  equator,  the  result  would  be  a  great 

climate  of  the  earth,  since  there  would  be  continual  sunshine  at  the  poles, 
c  of  00  or  70  miles  round  them ;  no  darkness  greater  than  twilight  in  the  mi^or 
ctic  and  antarctic  circles;  and  equal  day  and  night  all  over  the  rest  of  the 

igenious  speculations  as  to  changes  of  the  earth's  axis  have  been  of  late  years 
ince  the  i>ublication  of  the  last  edition  of  this  work.  One  of  these,  by  Mr.  J. 
•ts  to  show  that  a  change  in  the  position  of  the  earth*s  sxis  of  rotation,  and  a 
ange  of  latitude  in  all  places  on  its  surface,  might  have  been  produced  by  the 
lountain  chaintt  on  that  surface.  If  the  earth  were  a  perfect  sphere,  doabt- 
Icst  additional  pn>tuberance  would  affect  its  balance.  With  its  present 
lell  wo  cannot  imagine  that  any  new  mountain  chain  could  do  so  to  any  per- 
e,  unless  it  were  one  running  east  and  west,  in  about  lat.  46*,  and  rising  to 
.de  far  greater  tlian  that  of  any  of  our  present  mountain  chains.  Our 
tains  are  merely  like  specks  of  dust  on  an  artificial  globe,  and  our  deepest 
ikes  chipped  out  of  ito  varnish,  and  altogether  too  inaignificaot  to  produce 
le  coamical  effect 
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interior  of  the  earth,  prores  that  there  must  be  some  general  »)i 
heat  in  that  direction. 

6.  Temperature  of  deep  Mines  and  Wells. — As  a  matter  of 
observation,  it  is  found  that  in  all  deep  mines  the  temperatnre 
rock  increases  as  we  descend,  at  the  rate  of  1^  of  Fahr^iheit  for 
50  or  60  feet  of  descent  after  the  first  hundred.  This  is  the  c 
every  part  of  the  globe,  and  in  all  kinds  of  rock.  Numerous  ol 
tions  have  been  made,  with  all  possible  precautions  against  ni 
and  though  the  results  vary  in  amount,  they  all  agree  in  givi 
increase  of  temperature.  Iji  the  deep  coal-pit,  sunk  at  Duki 
near  Manchester,  at  a  depth  of  2151  feet,  the  temperature  is  com 
75®  Fahrenheit,  while  the  constant  temperature  at  a  depth  of  1 
was  only  51°  Fahrenheit  This  gives  an  increase  of  1°  Fahr 
for  every  89  feet  only,  or  less  than  the  average,*  Mr.  Henwoo< 
ago  made  an  elaborate  series  of  experiments  on  the  temperature 
deep  mines  in  Cornwall,  which  showed  that  at  a  depth  of  12C 
the  temperature  of  the  slate  was  constantly  84°  Fahrenheit,  am 
of  the  granite  81°.  Deep  wells,  such  as  the  deep  Artesian  ^ 
Grenelle,  at  Paris,  are  always  found  to  have  a  high  temperatun 
Grenelle,  the  water  brought  from  a  depth  of  1798  feet  has  a  co 
temperature  of  81°*7  of  Fahrenheit,  while  the  mean  temperature 
air  in  the  cellar  of  the  Paris  Observatory  is  only  53°.  Very  ac 
and  careful  observations  were  made  by  M.  Walferdin  on  the  tei 
ture  of  two  borings  at  Creuzot,  within  a  mile  of  each  other,  com 
ing  at  a  height"  of  1030  feet  above  the  sea,  and  going  down  to  a 
the  one  of  2678  feet,  the  other  about  1900  feet  The  results 
every  possible  precaution  had  been  taken  to  ensure  correctness,  f 
rise  of  1°  Fahrenheit  for  every  55  feet,  down  to  a  depth  of  180 
beyond  which  tlie  rise  of  temperature  was  more  rapid,  being  1  °  F 
hoit  for  every  44  feet  of  descent,  f  Hot  springs  are  usually  foi 
proceed  from  great  faults  or  fissures  which  penetrate  deeply  in 
crust  of  the  globe,  and  are  sometimes  met  with  in  deep  mines,  pr 
ing  from  still  greater  deptlis. 

c.  Specijic  Oravity  of  the  Earth. — Experiments  formerly  ma 
the  attraction  exercised  by  the  mountains  of  Schehallion  and  Mt. 
and  lately  on  the  deflection  of  the  plumb-line  at  Edinburgh,  as 
lated  by  the  Oninance  Survey,  under  Col.  Sir  H.  James,  t  as  >^ 
experiments  with  leaden  balls,  on  the  torsion  balance,  by  Cav* 
and  Mitchell,  and  more  lately  by  Mr.  Baily,  give  a  specific  ^ 
for  the  whole  earth,  varying  from  5  to  5*6.  Experiments  o 
difference  in  the  times  of  oscillation  of  a  pendulum  at  the  botto 

*  Bee  an  tcconnt  of  Mr.  Fairbaim's  observatioDs  on  this  mine,  in  Mr.  Hull'a  Coa 
Great  BHtain.  f  Cotmoif  May  16,  1857. 

t  PhiL  Trans,  for  1850,  toL  czlvi.  p.  591. 
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of  a  deep  coal-mine  at  Harton,  hj  the  Astronomer-Royal,  give  as 
li  as  6*56  for  the  mean  density  ef  ike  earth.*  We  may  confidently 
therefore,  that  the  earth  has  a  specific  gravity  of  about  5  or  6. 
,  the  specific  gravity  of  granite  varies  from  2*6  to  2*9  ;  that  of 
It  is  about  3*0  ;  that  of  rock  in  general  is  from  2*5  to  3*0.  The 
I,  therefore,  is  at  least  twice  as  heavy  as  it  would  be  if  made  of 
known  rock,  such  as  that  rock  appears  at  the  surface.     The  pres- 

of  gravity,  however,  would  render  any  such  rock,  as  granite  for 
nee,  much  more  than  twicte  as  dense  as  it  is  at  the  surface,  long 
re  it  reached  the  centre.  According  to  Leslie,  water  would  be  as 
y  as  mercury  at  a  depth  of  362  miles,  air  as  heavy  as  water  at  34 
3.  At  the  centre  of  the  globe  steel  would  be  compressed  into  one- 
h  of  the  dimensions  it  has  at  the  surfiEtce,  and  most  stone  into  one- 
;h,  if  the  law  of  compression  be  supposed  to  be  uniform  from  the 
jce  to  the  centre.  We  should  therefore  expect  that  the  whole 
1,  if  its  substance  be  homogeneous,  and  at  all  resembling  granite  for 
nee  in  constitution,  would  have  a  much  greater  specific  gravity 

5  or  6,  if  it  were  not  for  some  expansive  force  in  its  interior 
teracting  the  pressure  resulting  from  gravitation.     We  know  of  no 

force  except  that  of  heatt 

There  can  therefore  be  no  doubt  that  the  earth  has  a  high  internal 
>erature  of  its  own,  altogether  independent  of  any  heat  it  may 
ve  from  the  sun  or  other  extraneous  sources,  and  that  it  consists 
cool  envelope  surroimding  a  heated  interior.  This  outer  envelope 
lied  the  Earth!s  Crust,  without  now  necessarily  implying  that  it  is 
illy  a  true  rind  or  crust  surrounding  a  molten  interior. 
Question  as  to  Fluidity  of  central  part  of  Olobe. — If  we  suppose 
the  rate  of  increase  observed  in  mines  and  deep  wells  is  continued 
initely  into  the  interior,  it  would  follow  that,  at  a  depth  of  10,000 
beneath  the  British  Islands,  all  water  must  be  as  hot  as  boiling  water 
the  surface,  or  212''  F.  At  a  depth  of  about  20  miles  the  tem- 
ure  of  all  parts  of  the  globe  would  be  1760°  F. ;  and  at  50  miles 
«1  be  4600°  F.  Now,  the  heat  of  a  common  fire  is  calculated  at 
1°  F. ;  brass  melts  at  1860°  F. ;  gold  at  2106°  F. ;  and  platinum 
)80°  F. 

t  would  then  appear  that,  if  the  increase  of  temperature  be  regular, 
ibstances  that  we  know  at  the  surface  must  be  molton  at  a  com- 
ively  slight  depth  ;  at  about  one-fifth  of  that,  for  instance,  indi- 

by  the  inner  circle  in  Fig.  126.     This  fusion,  however,  does  not 

hiX  Trans,  vol.  cxlvi.  p.  355. 

his  argument,  if  it  stood  alone,  would  not  pcrliaps  be  of  any  great  value,  since  it  la 
I)  anybody  to  deny  the  homogeneity  of  the  interior  of  the  earth,  and  to  suppose  that 
:ely  to  contain  a  larger  proportion  of  metal  in  the  interior  than  near  the  surface,  and 
may  be  a  hollow  spheroid.  The  fact  of  a  high  internal  temperature,  however,  may 
I  to  be  BufBciently  proved  by  the  two  preceding  arguments. 
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follow  as  a  necessary  consequence,  since  we  do  not  know  how 
towards  the  interior  the  increase  of  tempeiatore  proceeds  at  any! 
like  the  rate  which  it  does  at  the  slight  depths  to  which  we  have  ] 
trated.  Neither  do  we  know  how  far  the  influence  of  inert 
pressure  may  operate  to  keep  matter  solid,  even  when  ndsed  to 
peratures  that  would  be  more  than  sufficient  to  render  them  fluid 
were  communicated  to  them  at  the  surface  of  the  earth. 

Water,  at  a  height  of  1 2,000  feet  above  the  surface  (as  on  the 
of  Tenerifie),  cannot  be  made  hotter  than  190°  F.,  since  it  boils,  th 
it  becomes  steam,  at  that  temperature.  At  the  level  of  the  e 
requires  to  be  raised  to  212°  F.  before  it  passes  into  steam  ;  a 
bottom  of  a  deep  mine  the  increased  pressure  of  the  atmosphere  v 
keep  it  in  the  liquid  state  up  to  214°  F.  or  higher  ;  and  so  we 
well  suppose  that  at  great  depths  water  might  be  raised  to  50 
600°  F.,  perhaps,  and  still  remain  water. 

What  is  true  of  a  liquid  passing  into  a  vapour  may  be  also 
or  less  true  of  a  solid  passing  into  a  liquid  state,  althou^^h  1 
known  of  the  relations  between  increase  of  temperature  and  of  pre 
in  the  latter  case.  It  seems  likely,  however,  not  only  that  the  me 
points  of  solids  should  be  largely  affected  by  variations  in  the  })« 
to  which  they  are  subjected,  but  that  different  solid  substances  si 
be  affected  in  a  different  ratio.  If  this  be  the  case,  it  will  follow 
we  cannot  arrive  at  any  definite  conclusion  as  to  the  thickness  o 
solid  crust  of  the  globe  from  the  consideration  of  the  internal  tern 
ture  only ;  and  also  seems  to  foDow,  that  at  some  depth  there  mu 
a  stratum  of  very  high  temperature,  in  which  the  materials  nii 
solid  in  some  parts  and  fluid  in  others,  and  that  this  stratui 
passage  from  the  wholly  solid  to  the  wholly  fluid  state  may  be  o 
definite  thickness,  so  that  relative  motion  in  the  matters  composini 
interior  of  the  earth  may  be  impossible. 

It  has  been  shown,  by  the  researches  of  Sir  William  Thom 
that  the  earth,  like  the  other  members  of  the  solar  system,  hi 
millions  of  years  been  losing,  by  dissipation  into  8i)ace,  a  conside 
proportion  of  the  energy  originally  stored  up  in  its  mass  ;  and 
from  the  known  general  increase  of  temperature  in  the  earth  J 
wards,  we  may  approximate  to  an  estimate  of  the  date  at  whid 
surface  of  the  earth  became  sufliciently  cooled  and  solid  for  the  e 
tion  of  geological  phenomena.  The  fact  that  there  is  such  a  down 
increase  of  temperature  implies  a  continual  loss  of  heat  from  th 
terior,  and  consequently  also  (since  the  up].>er  crust  does  not  be 
hotter),  a  secular  loss  of  heat  from  the  whole  earth.  If  this  Ic 
heat  has  continued  for  a  vast  indefinite  period,  it  is  probable 
there  was  a  time  when  the  body  of  the  earth  was  an  incandc 

*  Tram,  lUtj/.  Sot.  Ediniburgk,  xxiii  157. 
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liquid.  Applying  a  nlutioa  of  Fourier,  Sir  William  Thomson  eati- 
mates  that  the  eaperGciol  consolidation  of  the  globe,  or  the 
"  conairtentior  statos "  of  Leibnitz,  "  could  not  have  taken  place  less 
Ihaa  80,000,000  jean  ago,  or  we  should  have  more  undei^round  beat 
than  we  actually  have,  nor  more  than  400,000,000  years  ago,  or  we 
thould  not  have  the  least  observed  underground  increment  of  tempera- 
ture." Hore  recent  consideration  of  the  subject  inclines  him  to  place 
the  date  of  the  "  emergence  "of  this  "  statue  "  about  100,000,000  years 
■go.*  All  geolofi^cal  history  would  require  to  be  comprised  within 
that  period.  Assuming,  with  consideiable  probability,  that  the  earth, 
previona  to  the  beginning  of  that  period,  consisted  either  of  a  solid 
nocleus,  Korrounded  with  a  deep  ocean  of  melted  rocks,  or  was  liquid 
to  the  centre,  and  that  it  waa  left  to  cool  by  radiation  into  space,  be 
argues  from  the  therm o-dynamic  lawof  freezing, and  from  that  connecting 
temperature  and  pressure,  that  it  is  most  consistent  with  the  present 
Mate  of  our  knowledge  to  infer  that  the  solidification  of  the  globe  pro- 
ceeded from  within  outwards,  and  that  there  could  be  no  permanent 
iacnistation  all  round  the  surface  till  the  whole  globe  was  solid.  In 
this  conclusion  he  agrees  with  that  previously  arrived  at  by  Mr. 
Hopkins,  with  whom  also  he  coincides  in  su)^'esting  that  within  the 
(Rnerally  solid  globe  theie  may  still  exist  irregular,  comjiaratively  small 
(Ibough,  of  course,  if  measured  by  miles,  extensive),  spaces  of  liqnid. 
'In  the  honeycomlied  solid  and  liqnid  mass  thus  formed,"  he  adds, 
"there  must  be  a  continual  tenduucy  for  the  liquid,  in  consequence  of 
its  less  specific  gravity,  to  work  its  way  up,  whetiier  by  masses  of  solid 
Uling  from  the  roofs  of  vesicles  or  tunnels,  and  causing  earthquake 
ihocks,  or  by  the  roof  breaking  quite  through  when  very  thin,  so  as  to 
taose  two  such  hollows  to  unite,  or  the  liquid  of  any  of  them  to  flow 
out  beely  over  the  outer  surface  of  the  earth ;  or  by  gradual  sub- 
ridence  of  the  solid,  owing  to  the  thermo-dynaniic  melting,  which 
pn&ns  of  it,  under  intense  stress,  must  experience."  He  considers 
tkat,  even  with  this  honeycombed  structure,  the  interior  of  the  earth 
it  present  "  is,  on  the  wliole,  more  rigid  certainly  than  a  continuous 
■olid  globe  of  gloss  of  the  same  diameter,  and  probably  than  one  of 
NeeLt 

'  TVaiu.  I>»I.  Soe.  GTaifoie,  toI.  IIL 

I  The  lUideDt  nhoDld  cooialt  on  this  aabjAct  the  rxp^n  of  Ut.  nopkLu,  RHL  Aaoe. 

ud  HnmoHT,  Tntiu.  Soy.  Iritk  Acail.  H«  dso  tlie  euayby  U.  Dclmina;,  Clumlml  Nan, 
On.  ISM,  ud  Gal.  Mas.  '■  WT.  It  ihonld  be  mcntlonBd  lh«l  air  WlLll»m  Thonuon  relied 
"poa  (be  duU  trrived  it  by  Blwhof  reginling  the  conlraclton  of  [ocki  In  jiulns  Into  the 
MlUitaM.irbli^h.lD  Ihecueofgnnltsindothermclia.wuuidbylheOeriiiuchemlatlo 
noost  til  (bout  10  per  cent,  lloiible,  however,  bive  been  cut  on  the  vsltdlt/  of  IheM 
Irii.  Itii  certtln  Hat  ■  b«rof  Mild  iron  ncln.lljf  iin»taoB  tbo  »nrf»ce  of  the  inellAl  metil. 
BmD.  Forbrm,  Gtal.  Hag.  iT.,  Clirmftal  Nritt,  Oct.  ISA?;  Stsiry  Hunt,  CKtaicai Scw,  ir., 
IIS;  Pne.  Asy.  fwt,  Muf  31,  IS«7  ;  Pntt,  Pm.  Bot.  Sac,  ISTO. 
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Xxoiting  Oausefl  of  Disinrbing  Action  on  Bazth's  CroBt. 
idea  of  an  intensely  heated,  somewhat  honeycombed  centre,  aboi 
large  vesicular  spaces  of  still  liquid  matter,  and  covered  witl 
paiatively  thin  cool  outer  portion  or  crust,  be  a  true  conceptic 
condition  of  our  globe,  it  is  obvious  that  we  have  an  abundai 
of  igneous  action  and  of  mechanical  movement  in  different 
that  crust,  from  time  to  time,  provided  we  can  admit  of  loca! 
causes  producing  an  occasional  determination  of  the  inter 
towards  certain  spots  or  lines  of  the  surface. 

What  is  the  exact  nature  of  these  local  excitiug  causes  is  a 
to  which  no  perfectly  satisfactory  answer  has  yet  been  give 
suggestion  of  Sir  William  Thomson  has  just  been  given.  Anc 
one  which  may  quite  well  be  taken  as  a  concomitant  of  the  f( 
that  water  gaining  access  from  the  surface  to  the  reservoii 
candescent  matter  in  the  interior,  generates  explosions  of  a 
which  earthquakes  and  volcanic  eruptions  are  produced.  S 
phrey  Davy  proposed,  and  Dr.  Daubeny  supported,  a  hypotli 
the  oxidation  of  the  metallic  bases  of  the  earths  and  cJkalie 
access  of  air  and  water,  produce  the  local  intensity  of  heat,  1 
subterranean  disturbances  are  caused.* 

The  solution  of  this  problem,  if  it  is  ever  to  be  obtained, 
require  the  united  labours  of  the  physicist  and  the  chemist 
meantime,  the  student  may  pass  from  the  region  of  speculat 
what  may  be  the  nature  of  the  earth's  interior,  and  the  cau? 
movements  there,  and  turn  his  attention  to  the  results  which 
proves  to  have  been  effected  upon  the  surface,  and  upon  the  mc 
outer  crust  by  the  influence  of  the  internal  heat. 

*  See  the  papers  qaoted  in  the  previouB  note  ;  also  Daubeny's  Volcanoes,  2c 


CHAPTER  XVn. 

«  or  DPBSAVU  ASS  DKPRnBION  OT  THK  X&BTH'B  GRUn. 

«  88  to  the  aaton  mnd  ori^  of  the  movemeiita  which 
e  within  the  enut  of  the  earth,  hnt  that  sach  moTementa  do 
mu%  bet  of  which  we  have  nuuf ,  and  Bometimea  diMstroua 
nieir  exiitence  at  the  present  time  ii  shown  by  the  ilow  ele- 
K  of  land  in  aome  places,  or  iti  alow  anbrnergenee  in  othan  ;  by 
•  and  by  Tokanoea,     We  shall  consider  these  phenomena  in 
X  now  (Uled.     Bnt  flrit  of  all  it  may  be  of  nse  to  pnfix  a  few 
I,  to  abow  that  in  mch  movements  as  those  which  aSbct  the 
« leveb  of  sea  and  laud,  it  is  the  land  which  is  moved  up  or  down, 
iaottfaesea. 

,  It  ia  elfAT  that  all  rocks  which  were  formed  at  the  bottom  of  the 
A  which  are  now  dry  land,  must  have  gained  their  present  situ- 
X  by  the  sinking  of  the  surface  of  the  sea,  or  by  the  uplifting 
If,  however,  the  level  of  the  sea  be  materially  lowered  by 
ronnd  movements  in  any  one  part  of  the  globe,  it  must  be 
lUy  lowered  over  its  whole  surface.  But  we  find  aqueous  rocks 
fethe  amnmits  of  some  of  onr  highest  mountains,  and  if  these  had 
in  laid  dry  solely  1^  the  shrinking  of  the  sea,  without  any  movement 
k  tke  solid  eiast  of  the  globe,  either  on  dry  land,  or  benea^  the  ocean, 
ta  mnst  suppose  that  a  shell  of  water,  several  thousand  feet  in  depth, 
■>  been  removed  bodily  from  the  earth  into  another  port  of  the 
kiverve.  For  if  the  quantity  of  water  in  the  ocean  remained  the  same, 
■  general  surface  level  could  not  permanently  sink,  nnless  there  were 
billow  made  in  the  solid  port  of  its  bed  for  the  water  to  sink  into. 
Cvther  could  its  general  surface  level  be  permanently  raised,  except  by 
hs  filling  up  of  parts  of  its  bed  by  the  deposition  of  earthy  matter  ;  or 
he  by  a  contraction  of  the  capacity  of  its  bed  by  the  rising  of  the  solid 
bck  below  it  If  the  quantity  of  water  on  the  globe,  then,  remains 
ha  aame,  any  pennanent  change  in  the  level  of  the  sea,  even  if  it 
r«n  an  equal  and  uniform  change  all  over  the  globe,  could  only  be 
Maed  by  a  previona  change  of  position  in  some  of  the  solid  parts  of 
he  emst  of  the  globe.* 

It  of  tU*  usamt&t  la  PlsrfUi'i  illwftttflMU  1/ Ae  HutHmlDH 
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There  are  indeed  circumstances  of  a  cosmical  kind,  b; 
relative  levels  of  sea  and  land  may  be  affected.  Owing  to  t] 
caused  by  the  accumulation  of  large  masses  of  ice  at  tl 
general  level  of  the  ocean  might  be  raised  in  polar  and  di 
equatorial  latitudes.*  Mr.  Croll  has  likewise  pointed  out  tl 
quence  of  the  diminution  of  centrifugal  force  owing  to  the 
of  the  earih^s  rotation  caused  by  the  tidal-wave,  the  level 
must  tend  to  sink  at  the  equator  and  rise  at  the  poles.  Thi 
however,  necessarily,  in  the  end,  expose  a  larger  amount  of 
equator,  for  the  change  of  level  resulting  from  this  cause  i 
slow  that  denudation  might  quite  well  keep  pace  with  it,  a 
the  area  of  land  as  much  as  Uie  retreat  of  the  ocean  tended 
it ;  while,  as  Mr.  Croll  has  further  shown,  the  denudation  < 
torial  land  and  the  deposition  of  the  detritus  in  higher  lat 
still  further  counteract  the  effects  of  retardation  and  the 
change  of  ocean-leveLf 

But  while  such  general  causes  of  change  in  the  relati 
sea  and  land  require  to  be  taken  into  account  in  any  I 
sophicol  view  of  the  geological  economy  of  our  globe,  it  is  : 
true,  that  in  the  great  majority  of  cases  which  come  before 
change  of  level  must  have  taken  place,  it  is  the  land  which 
sunk,  and  not  the  ocean.  For  all  practical  geological  purjx 
assume  the  sea-level  to  be  invariable,  and  that  the  fact  tbi 
ginolly  formed  under  the  sea  are  now  found  as  hills  and  ni 
a  proof  that  these  rocks  have  been  elevated.  It  is  not  so  e«' 
the  fact  of  depression,  since  the  very  act  of  the  sinking  of 
water  removes  the  evidence  that  it  was  once  above  it  Wt 
at  this  conclusion  in  another  way.  We  could  not  continue 
vations  upon  stratified  rocks  very  long,  without  perceivin|2 
beds  are  generally  inclined  to  the  horizon.  Now,  thougl 
that  in  certain  cases  beds  of  stratified  rock  may  be  fo 
slope,  these  cases  must  be  limited  to  small  areas.  A 
cannot  be  of  indefinite  extent,  and  could  not  have  pa 
deposited  over  its  whole  area  if  it  were.  J  Whenever,  tht 
very  widely  spread  beds,  maintaining  an  equal  tbicknesf 
or  approximate  parallelism  over  a  large  extent  of  grour 
feel  perfectly  sure  that  those  beds  when  first  formed  were 
horizontaL  If  such  beds  are  now  found  in  an  inclined  jk 
must  have  been  moved  since  their  formation,  and  tilted ^  eitli 

•  See  CroU,  PhU,  Mag.,  April  1866 ;  Ihid.,  June  1867 ;  Trans.  Geol. 
il.  177. 

t  See  Sir  William  Thomson's  paper,  In  Traiu.  Gtol.  Soc.  Glasgow,  vol.  iii. 
FhU.  Mag.  for  1808,  p.  882. 

t  See  Overlap,  ante,  p.  2S7. 
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that  in  this 
Nne    internal   t<a*,  bar*  b«n  d«; 
»d  acted  upon  p^*^ 
laly  horiiontal  beds,  and  tilted  them  into  tlieir  present  poadtion. 
im  what  has  been  observed  to  occur  in  our  own  da^s,  and  what 

see  baa  taken  place  formerly,  there  appear  to  be  two  kinds  of 
ent  on  the  earth's  cmat  The  one  it  a  broad  equable  morement, 
kal  elevation  or  depreeeion,  affecting  large  areas  dmultaneonaly , 
t  producing  any  Beneible  lilt  in  the  beds  ;  while  the  other  is  more 
nd  imparte  to  the  beds  not  only  a  vertical  elevation  or  deprea- 
Dt  an  angular  inclinution  difFerent  from  what  they  had  before. 
e  widely-epread  vertical  movement  which  affects  the  auriace  now 
I  merely  the  external  symptom  of  the  more  deeply  seated  motion 
tHU  or  btndt  the  beds  below,  Snch  inclinations  may  never  be 
to  beds  near  the  aur£sce  except  for  very  small  dietancea,  or,  in 
rorda,  the  greatest  contortioa  and  compreeaion  of  beds  may  not 
sen  accompanied  by  any  more  sensible  change  at  the  sorfaoe  than 
m1  elevation  or  depression  of  the  laud  or  sea-bed. 

a.  Blow  ICovemeDta  of  Upheaval, 
has  been  ascertained  that  a  number  of  wide  areaa  of  the  earth's 

are  at  this  moment  alowly  rising  with  reaped  to  the  aea>leveL 
candinavian  peninsula,  except  a  part  of  its  aoathem  end,  is 
oing  an  upward   movement,  for,  within  the  memory  of  man, 

rocks  have  become  visible,  reels  have  groivn  in  siia,  shoals  have 
mverted  into  dry  land,  and  marks  made  on  rocks,  to  test  the  rate 

are  now  found  to  be  higher  relatively  to  the  sea-level  than  they 
:  first.    The  rate  does  not  appear  to  be  unifoim  over  the  whule 
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country  ;  in  some  diRtricts  it  has  been  estimated  at  two  or  three  feet  in  < 
a  century.  The  movement,  if  its  present  has  been  its  average  rate,  i 
muHt  have  been  in  ])rogre8s  for  a  ver}*  long  time,  for  we  find  beds  of  . 
sea-shells  of  living  species  at  heights  of  600  and  700  feet  above  the 
present  sea-level.*  Among  other  regions  which  are  either  now  rising, 
or  which  have  been  but  recently  upraised,  may  be  instanced  the  coait-line  | 
of  Siberia  for  600  miles  to  the  east  of  the  Lena,  the  coast  of  Smith's  ! 
Sound,  different  portions  of  the  borders  of  the  Mediterranean,  and,  on  ^ 
the  most  marvellous  scale,  the  western  mountainous  mai^n  of  South 
America.'l' 

The  proofs  of  elevation  of  land  are  furnished  by — (1.)  Observed 
changes  in  the  position  of  works  of  human  construction  with  respect  to 
the  sca-leveL  (2.)  Similar  changes  in  the  sea-level  relatively  to  rocks> 
reefs,  etc.  (3.)  The  position  of  sea-worn  caves  above  the  present  limit 
of  the  waves.  (4.)  Rocks  covered  with  shell-fish  above  the  existing  tide- 
mark.     (5.)  Lines  of  former  sea-margins  or  raiml  heach^f. 

1.  Proofs  from  "Works  of  Human  Construction. — If  the  upward 
movement  is  extremely  slow,  it  escaj>e8  notice  by  even  the  maritime 
population  of  the  country  unless  thi-y  have  accurate  sea-marks,  as  in 
jners  and  harbours,  by  which  to  meiwure  it.  If  the  rate  were  as  much 
as  six  feet  in  a  centurj-,  the  inhabitants  of  the  inland  district**  would 
not  obsi*r\'e  it  at  all,  and  to  those  along  the  coast  it  would  be  chiefly 
marked  by  the  fact  that  the  tide  no  longer  flowed  over  spaces  where,  a 
few  generations  before,  vessels  were  moored,  and  that  old  bulwarks  and  \ 
piers  now  rose  higher  than  the  limit  reached  even  by  the  highest  tidea.  | 

2.  Proofs  from  Raised  Reefs  and  Rocks. — The  elevation  of  the  land  1 
would   become  still  further  a[>parent  from   the   fact   that   rocks  and   \ 
boulders,  once  half-tide  marks,  stood  now  beyond  the  tide-line  ;  that  reefo,    | 
formerly  covered  at  high-water,  were  now  jHjrmanently  dry  ;  and  that 
sunken  rocks  now  appeared  where  formerly  they  were  never  seen,  even 
when  the  tides  were  at  the  lowest     In  such  cases,  it  would  be  plain 
that  the  change  could  not  arise  from  any  heaping  up  of  materials  on 
the  land,  so  as  to  keep  back  the  sea,  but  that  the  land  must  actually 
have  risen. 

8.  Proofs  from  Old  Sea-caves. — One  of  the  results  of  the  ceaseleai 
abrading  action  of  the  waves  is  to  drill  lines  of  caves  along  exposed 
rocky  shores.  The  conditions  of  this  process  will  be  noticed  in  a  sub- 
sequent chapter.  In  the  meantime,  let  us  observe  that  such  caves  are 
formed  only  between  tide-marks,  and  therefore  form  an  excellent  cri- 
terion of  the  relative  level  of  sea  and  land.  When,  therefore,  we  find  lines 
of  these  caves  removed  above  the  tide-line,  and  sometimes  even  along  the 

•  See  the  evidence,  fully  given,  in  Sir  Charlea  Lyell's  PrincipJet  o/Gtologf, 
t  Paper  on  Earthquakes  and  Volcanoes,  by  the  present  Editor,  in  Chambers's  JfiMvOasfi 
qfTraeU. 


•:  ^ 
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^an  exposed  predpitoiis  bank  or  cliff,  we  infer,  without  hesitation, 
^■liiiee  the  eayee  were  excavated  the  land  has  risen,  and  that  the 
itat  of  the  rise  is  to  be  measured  by  the  vertical  distance  of  the 
B^  cf  the  caves  above  the  level  at  which  similar  caves  are  being  exca- 
fll  BOW.  Many  caves  of  this  kind,  sometimes  singly,  sometimes  in 
Ihoos  groups,  and  even  in  long  lines,  are  found  along  both  sides  of 
Ikd,  at  heights  vazying  from  eight  or  ten  to  more  than  a  hundred 
-4iliove  the  present  high- water  mark. 

Ik  Piodii  from  Bamaoleay  etc. — One  of  the  most  common  features 
bi  boulders  and  rocks  between  tide-marks  is  the  grey  crust  of  bar- 
la^  Mmpets,  etc^  by  which  they  are  coated,  and  the  holes  bored  in 
ii  by  various  mollusca.  We  know  that  these  marine  ftTiim^la  require 
It  washed  daily  by  the  sea,  otherwise  they  die.  Hence,  when  we 
i  with  their  bleached  shells  still  adhering  to  clifb  and  rocks  which 
A  above  the  reach  of  the  waves,  we  conclude,  without  hesitation,  that 
Itiid  has  risen  since  these  animals  lived.  Of  course  a  single  boulder 
l^ge  block  of  stone  crusted  with  the  shells  would  not  necessarily 
H  the  uprise,  for  such  a  block,  or  even  a  great  many  of  them,  might 
^have  been  thrown  up  by  a  storm.  But  when  the  solid  cliff,  or  pro^ 
bg  rocks,  rise  above  the  sea-level,  and  retain  the  crust  of  shells  and 
holes  which  the  boring  shells  made,  the  conclusion  is  forced  upon  us 
i  tke  land  has  been  upheaved. 

^  Aroofii  from  Baised  Beaches. — ^Between  tide-marks,  at  present, 
■ea  is  constantly  engaged  in  producing  sand  and  gravel,  spreading 
M  oat  upon  the  beach,  mingling  with  them  the  remains  of  shells 

ether  marine  organisms,  and  sometimes  piling  them  up,  sometimes 
fifing  them  away  out  into  the  deeps.  The  beach  is  a  well-marked 
Vie  of  every  land  which  is  laved  by  a  tidal  sea.  When  the  land 
•  with  sufficient  rapidity  to  carry  up  this  line  of  beach-deposits 
>te  they  are  washed  away  by  the  waves,  they  form  a  flat  terrace, 
^riuit  is  known  to  geologists  as  a  raised  beach.  The  old  high- 
>Cr  nuok  is  then  inland,  its  sea-worn  caves  become  in  time  coated 
k  fens  and  mosses,  the  old  beach  forms  an  admirable  platform,  on 
^  meadows,  fields,  and  gardens,  roads,  houses,  villages,  and  towns, 
^  up,  and  the  sea  goes  on  forming  a  new  beach  below  and  beyond 

sutigin  of  the  old  one.  Raised  beaches  abound  round  many  parts 
^  coast-line  of  Britain.  Some  excellent  examples  occur  in  Crom- 
1  and  Devon.*  The  Scottish  coast-line,  on  both  sides  of  the  island, 
Hnged  with  raised  beaches,  sometimes  four  or  five  occurring  above 
koUier,  at  heights  of  25,  40,  60,  and  75  feet  respectively  above  the 
KDt  high-water  mark.  Each  of  these  lines  of  terrace  marks  a  former 
er  level  at  which  the  land  stood  with  regard  to  the  sea,  and  the 
«  between  each  of  them  represents  the  vertical  amount  of  each  suo- 


332  GEOLOGICAL  AGENCIB& 

cesflive  uprise  of  the  land.  Each  terrace  probably  indicates  its  own 
lengthened  stay  at  the  sea-line,  while  the  intervening  slopes  show 
that  the  land  in  its  upward  movement  did  not  remain  long  enough  at 
any  intermediate  points  to  give  the  sea  time  to  form  terraces.  In  oUier 
words,  a  succession  of  raised  beaches,  rising  one  over  the  other,  above  thi 
present  sea-level,  points  to  a  former  protracted  upheaval  of  the  countiy, 
interrupted  by  long  pauses,  during  which  the  level  did  not  mateiially 
change.* 

/9.— Slow  Movements  of  Depresaioxi. 

It  has  been  already  remarked  that  when  the  land  sinks  beneatl 
the  sea-level,  instead  of  rising  above  it,  the  fact  is  less  easily  detected, 
because  the  depression  removes  the  evidence  of  the  previous  sea-mai]gi& 
Nevertheless,  partly  by  the  direct  evidence  of  experience,  and  partly  Iff 
deductions  from  geological  data,  we  have  learnt  that  over  vast  areas  d 
the  earth's  surfiEure  the  crust  is  subsiding,  and  that  both  land  and  sea-bed  an 
sinking  at  the  present  time,  or  ba  ve  only  recently  ceased  to  do  so.  A  deprefc 
sion  is  proved  by — (1.)  The  rising  of  the  sea  over  human  constructioiii 
and  objects  of  nature,  the  previous  relative  levels  of  which  are  knowBi 
(2.)  Submerged  forests.  (3.)  The  existence  of  Qords.  (4.)  The  develop- 
ment of  coral-islands. 

1.  Proofs  firom  Human  Testimony. — Some  care  is  required  to  du- 
tinguish  between  the  results  of  mere  erosion  by  the  sea  and  thoae  d 
actual  depression  of  the  level  of  the  land.  The  mere  encroachment  d 
the  sea  upon  the  land,  and  the  disappearance  of  successive  fields,  road^ 
houses,  villages,  and  even  whole  parishes,  does  not  necessarily  point  to 
a  sinking  of  the  land,  for,  as  we  shall  find  in  a  subsequent  chapter,  all 
this  destruction  of  the  coast-line  is  in  progress  in  our  own  country, 
without  any  sensible  change  of  leveL  If,  however,  the  sea  actoally 
comes  to  wash  over  roads  and  buildings  which  it  never  used  to  touch, 
if  old  httlf-tide  rocks  gradually  cease  to  appear  even  at  low-water,  and  if 
rocks  that  were  previously  above  the  reach  of  the  highest  tide  are  tumeA 
into  shore  reefs,  and  skerries,  and  islets,  we  infer  that  the  coast-line  ia 
undergoing  a  movement  of  depression. 

In  Scania,  the  most  southerly  part  of  Sweden,  the  seaport  towna 

*  It  may  be  well,  however,  to  recall  the  student's  attention  to  the  fact  almdtf 
mentioned,  that  the  level  of  the  ocean  in  diflbrent  regions  may  be  affected  by  conakA 
causes,  and  consequently  that  the  proofb  of  elevation  given  in  the  text  may  certainly  be  Is 
some  cases  explicable  by  the  withdrawal  of  the  ocean.  For  example,  if  during  what  it 
known  as  the  glacial  period  an  enormous  ice-cap  formed  about  the  North  Pole,  its  efltod 
would  be  to  draw  towards  it  the  waters  of  the  ocean.  The  level  of  the  sea  would  rise  fM 
the  higher  latitudes,  and  if  this  heightened  level  remained  stationary  long  enongh  to  aUov 
of  a  beach-terrace  being  formed,  the  subsequent  retreat  of  the  sea  consequent  on  the  meK- 
ing  of  the  ice-cap  would  leave  a  line  of  raised  beach  on  the  re-emerging  land.  AU  meh 
cosmical  causes,  however,  could  only  affect  wide  areas  of  the  earth's  surface.  The  local 
character,  in  most  cases,  of  the  proofs  given  in  the  text  is  satisfactory  evidence  that  tbey 
are  correctly  referred  to  movementa  of  the  land  rather  than  of  the  ocean. 
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eridenee  that  the  land  is  there  ninking,  Streeto,  originally  built 
I  high-water  mark,  are  now  below  it,  and  even  old  rtreets  are  found 
ilill  lower  level,  diowing  that  the  aubeidence  has  been  in  progress 
eoonderahle  time.  A  stone,  the  position  of  which  had  been  ex- 
ftzed  by  linnsBOS  in  1749,  was  found,  in  1886,  to  be  a  hundred 
the  watex^s  edge  than  it  was  eighty-seven  yean  before.  The 
of  Greenland,  in  like  manner,  is  subsiding  over  a  space  of  more 
MO  mllea  Andent  buildings  on  low  shores  and  islets  have  been 
erged,  and  the  Moravian  settlers  have  more  than  once  had  to  remove 
er  inliiiid  their  boat-poles,  the  old  poles  remaining  now  under  water.* 
I  gulwnwged  Voreata. — ^The  depression  which  carries  down  below 
Sft-level  works  of  human  fabrication,  will  of  course  involve  in  the 
common  fate  the  works  of  nature.  As  a  general  rule,  indeed,  the 
••  it  is  brought  down  foot  by  foot  witMn  the  influence  of  the 
%,  will  be  so  fjsr  denuded  and  re-foimed  that  comparatively  alight 
I  of  the  terrestrial  surface  wiU  survive  to  be  carried  down  beneath 
Boe  of  tidal  and  wave-action,  and  there  covered  over  with  and 
■red  under  marine  deposits.  Consequently,  though  we  can  prove 
f  depceeaions  to  have  taken  place  in  past  time,  the  actual  proofs  of 
at  land-eurfaces  are  comparatively  rare.  Now  and  then,  however 
!r  favourable  circumstances,  as  for  instance  in  sheltered  bays  and 
oies,  fragments  of  old  land-^urfaces  remain  still  dietinct  imder  water. 
f  ooDsist  of  what  are  known  conunonly  as  ^'submeiged**  or  ^^  submarine 
its,"  that  is  to  say,  groups  of  trees  still  partly  erect,  and  with  their 
I  still  in  their  native  soU.  Sometimes  beds  of  peat  occur  in  similar 
tions,  full  of  tree-stumps,  hazel-nuts,  branches,  leaves,  etc 
"  Bound  the  shores  of  Devon,  Cornwall,  and  Western  Somerset,  a 
itaUe  accumulation,  consisting  of  plants  of  the  same  species  as  those 
di  now  grow  freely  in  the  adjoining  land,  is  frequently  discovered, 
Oxing  as  a  bed  at  the  mouths  of  valleys,  at  the  bottoms  of  sheltered 
■^  and  in  front  and  under  low  tracts  of  land,  the  seaward  side  of 
cli  dips  beneath  the  present  level  of  the  sea."  t  This  old  land-surface 
<Hmd  to  be  very  commonly  covered  with  sand  and  silt,  in  which 
i^ty  shells  are  found,  showing  that  the  subsidence  was  gradual,  the 
^ys  first  becoming  estuaries,  and  then  sea-bays.  Similar  submerged 
'■U  occur  at  different  places  along  the  more  sheltered  parts  of  the 
Inline  of  Scotland. 

fbit  foregoing  two  kinds  of  evidence  of  depression  are  of  such  a 
^  as  to  require  no  special  geological  training  to  appreciate  their 
^  The  two  remaining  branches  of  proof,  however,  pre-suppose  a 
^  amwmt  of  acquaintance  with  several  parts  of  geological  evidence 
^  leaaoning.     Thdr  full  meaning  and  importance  will  be  better 

•  LyeU'B  PrimdpUi,  IL  190-7. 
t  Dt  1»  BadM^  (Mogieal  Ibtport  en  Dtpon  and  Cammatt,  p.  iSO. 
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nndeTBtood  by  the  etndent  when  he  has  completed  the  perusal  of 
part  of  the  ManuaL 

3.  Svidenoe  firom  I^ords  or  Sea-Iioohs. — ^A  fjord  is  a  long  n) 
inlet  of  the  sea,  usually  with  hilly  or  mountainous  sides,  its  uppe 
terminating  at  the  mouth  of  a  glen  or  valley.  The  word  is  Norw< 
and  it  is  in  Norway  that  fjords  are  most  characteristically  devel 
But  our  own  word  **  firth  "  is  the  same,  and  along  the  western  coa 
the  British  Isles  are  many  excellent  examples  of  fjords.  With  us 
are  usually  termed  lochs,  as  Loch  Hourn,  Loch  Nevis,  Loch  Fyne, ' 
loch.  Lough  Foyle  ;  also,  in  Ireland,  bays,  as  Dingle  Bay,  Ban  try  ] 

From  what  we  know  of  the  mode  of  operation  of  the  various  1 
of  denudation,  there  can  be  little  doubt  that  fjords  have  been  origi 
land  valleys.  The  long  inlet  filled  with  salt  water  was  pnmaril 
cavated  as  a  glen  upon  the  land,  and  the  glen,  by  which  the  hollc 
the  fjord  is  prolonged  inland  into  the  interior,  corresponds,  in  fonn 
character,  with  that  hollow, — is  in  fact  an  intend  part  of  it  Tha 
glens  have  been  excavated  by  subaerial  agents  is  a  conclusion  which 
be  stated  and  enforced  in  a  subsequent  chapter.  Hence,  if  we  admi 
subaerial  origin  of  the  glen,  we  must  also  allow  a  similar  origin  tc 
seaward  prolongation  of  the  glen,  that  is  to  the  fjord.  Every  fjord 
thus  come  to  be  regarded  as  a  submerged  land  valley.  This  is 
firmed  by  the  fact,  that  just  as  we  do  not  conmionly  meet  with  but 
glen  in  a  wide  mountain  district,  so  we  seldom  meet  with  a  soli 
fjord.  Like  the  glens,  the  fjords  occur  in  groups,  and  when  we  6 
long  coast-line  like  that  of  the  west  of  Norway  or  the  west  of  Scot 
pierced  by  innumerable  fjords,  we  infer  that  the  land  has  sunk  dowi 
that  side  so  as  to  allow  the  sea  to  run  far  up  and  fill  the  submerged  gle 

4.  Evidence  from  Coral-Beefs. — That  wide  areas  of  the  sea-bed 
undergoing  a  movement  of  subsidence  was  first  made  known  from 
growth  of  coral-reefs,  as  observed  and  explained  by  Mr.  Darwin, 
showed  that  the  species  of  coral  which  produce  great  reefs  only  liv 
shallow  water,  where  the  heat  and  light  are  both  vivid,  and  whew 
motion  and  play  of  the  waves  are  rapid  and  continuous.  A  depth  of  a 
fifteen  fathoms  seems  to  be  the  downward  limit  at  which  these  ani: 
can  flourish.  Great  wall-sided  AtolLs  and  Barriers,  then ,  rising  from  de 
of  2000  feet  or  more,  must  have  commenced  their  growth  in  sha 
water,  and  continued  it  upwards,  at  such  a  rate  as  to  have  always 
their  living  surface  near  to  the  surface  of  the  ocean,  while  the  rock  1 
on  which  they  rested,  gradually  subsided  beneath  it.  Hence,  as  c 
islands  are  found  rising  from  very  deep  water  far  from  any  land, 

•  There  is  a  habit  of  writing  this  word  ** frith,"  instead  of  "firth.**  FHtk  may  I 
Latin  word  /return,  a  strait  or  passage  between  two  seas ;  bat  Jirth  isthe  old  Norse 
JSord,  a  sea-loch. 

t  See  Oeikie's  Scenery  of  Scotland^  vietotd  in  connection  with  its  Physical  Geography,  p 
Bamsay,  Quart.  J&wm.  QeoL  Soe.,  vol.  zviii.  p.  125. 
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e  concluBion  that,  when  the  corals  began  to  build,  there 

t  there  is  now  sea,  and  that,  since  that  time,  a  wide- 

ce  of  land  and  sea-bed  must  have  taken  place.     The 

^  of  his  aigument  may  be  of  interest  to  the  student* 

ore  banks  of  coral  which  grow  along  the  margin  of  the  shore. 

i  outer  margin  of  a  fringing-reef  fh>m  the  shore  depends  on  the 

)r  between  the  beach  and  the  fifteen-fathom  line.     This  is  shown 

the  hori2ontal  line  8  S  represents  the  surface  of  the  sea,  and 
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«en  fathoms  below  it.  A  B  and  C  D  are  supposed  to  be  two 
different  angles,  which  become  coated  with  corals  down  to  the 

those  corals  eventually  accumulating  up  to  the  surface,  so  as  to 
-eefs  REG.  The  bulkiest  corals  grow  farthest  fh>m  land,  so 
mmonly  reach  the  actual  surface  of  the  sea  at  the  outer  edge  of 
ften  a  lagoon  of  deeper  water  left  between  the  outer  edge  and 
i«ith  of  the  reef  R  E  is  of  course  greatest  where  the  slope  of  the 

sea-bottom  was  originally  least,   and  the  outer  edge  of  the 

laid  down  on  a  chart,  becomes  like  a  line  of  soundings  upon  it, 
dex>th  of  fifteen  fathoms  originally  commenced,  and  immediately 

ifl  still  to  be  found. 

the  wliole  coxmtry,  of  which  A  B  and  C  D  are  the  shores,  to 
rertically,  into  the  sea,  the  whole  sea-bottom  around  that  land  of 
f  the  movement  The  sea  will  flow  farther  in  upon  the  sloping 
r  sinks,  the  width  of  the  reefs  R  E  will  be  increased,  and  if  the 

has  been  such  as  still  to  allow  of  the  growth  of  the  coral, 
le  uuter  edge  E,  the  reef  will  shortly  reach  again  the  surface  of 
leight  of  the  outer  wall  G  E  will  become  greater  than  fifteen 
)  sinking  of  the  earth's  surface  go  on  slowly  and  gradually,  or  by 
ew  inches  or  a  few  feet  at  a  time,  with  the  requisite  intervals 
I  tlie  width  from  the  outer  etlge  of  the  reefs  E  to  the  shore  R 
ait*:ly  great,  as  well  as  the  height  of  the  outer  wall  G  K  The 
1  also,  between  R  and  E,  may  in  many  cases  be  considerable  ftx)m 
)f  coral-growth,  and  of  debris  derived  from  its  destruction, 
inally  a  Fringing  Reef  comes  thus  to  assume  the  form  of  what  is 
:ef.  The  outer  edge  of  a  barrier  reef  runs  generally  parallel  to 
ind  inside  it,  but  rises  sometimes  like  a  great  wall  from  an  out- 
)  or  2000  feet,  and  includes  a  lagoon  or  channel  between  it  and 
Bs  wide  perhaps,  of  very  great  depth,  and  more  or  less  encumbered 
hich  have  formed  in  favourable  localities, 
d  be  an  island,  the  shores  of  which  do  not  extend  beyond  the 

l>7  >lr.  Jukes ;  the  figures  Mre  ttom  hiM  School  ifanval  of  Geolofm. 
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mnn  seu  in  which  >Iod>  tlie  conl-Teef-makiiig  aiiiiiuli  cac  li*«,  ntd  tint  iilud 
b«  entirely  aurrouadcd  bf  ■  bMiier  reef,  it  ii  obrloua  tlwt  it  tlM  depresiian  jnttd, 
tin  lut  peak  of  the  iaUrnl  moat  ultinutcly  sink  Iwneathtba  wkTes,  uid  tlie  baif<> 
that  BnrTonnde-l  it,  atill  continning  its  upwanl  gtowth,  become*  an  MaJl,  at  lingrf 
coral  t«ef,  encloiiing  a  lagoon  vithout  aoy  bdland.  Ko  otJier  drjr  Itmd  will  tlm  h 
left  except  the  sandbanka  fanned  upon  the  reefa  tbemselvet,  b;  the  piling  Ktia 
of  the  wiuli  and  waves  heapit^  np  the  debris  they  have  <roni  bom  the  imA. 


1.  /"'■'^^^r^^-^'-'-y^^ 
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ConTcnlan  of  a  Frln^ng  Reef  Inb 


>r  Reef,  and  tbed  Into  u  AtotL 


In  Fig.  129  an  attempt  is  made  to  represent  this  mode  of  operation,  in  wbicl^ 
it  ta  inipossible  to  introduce  a  moliim  of  the  parte  of  the  figure,  different  lioH  U 
are  drawn,  to  repreeeut  the  unalterinft  surface  of  the  aea  at  differenl 

the  oblii|uely-ehaded  part  in  the  centra  represent  the  aection  of  an  isl 

see-level  was  at  the  loweat  line  a  a,  and  the  dark  horiinntaliy-sbaded  patch  iDMb' 
r  F  on  eneh  side  of  it  represent  a  fringing  reef  wiiirh  was  then  formed.  Then  111  *■ 
pression,  as  alwvc  descriheit,  commence  and  go  on  until  the  surface  of  the  eei,  •i* 
respect  tothe  island,  can  I>ercpre9ented  at  different  times  by  the  higher  linae  a.  IM 
old  fringing  reef  will  at  these  times  have  become  a  barrier  reef,  as  iudtoited  bT''* 
letters  n  D  surrounding  the  slowly  diminishing  island  ;  ami,  finally,  the  lest  r«^ 
tlint  ishind  will  disappear,  and  the  surface  of  the  eea,  being  represented  by  the  bi^ 
line  BS.  the  fi;:mre  now  becomes  the  section  of  an  Atoll  «  \.  An  Atoll,  tlieii,iiM 
tomb  and  luoaument  of  a  ennken  isliuid,  the  app 
being  measured  liy  the  depth  of  the  water  outiiide 
ing  reef  from  wliicti  it  sprang  still  exists  beneath 
be  trnceil,  mark  the  original  shores  of  the  old  land 

Mr.  Darwin  *  shows  a  vast  area  of  depression 
Pitcaim's  lidan<l  and  the  Low  Arcliipelngo  to  tlie  Carolitie  aiid  Pellew 
distance  of  more  than  7000  statute  miles.      Between  India  and  " 
another  such  area  more  than  1500  miles  in  lengtli. 

The  great  barrier  reef  on  the  N.R  coast  of  Australia  is  1200  miles  lonfe  -- 
including  Kew  Caledonia  and  the  Louisiade,  and  the  many  intermediate  ie<A' 
what  FliJaders  called  tlie  Coral  Sea,  ttuit  area  of  depression  seems  to  be  at  kat' 
broad.  It  is  remarkable,  as  observed  by  Mr.  Darwin,  that  between  this  Utter  I* 
■lid  that  of  the  Great  Pacific,  there  seems  to  citend  a  band  or  bands,  where  ele«B* 
rather  than  depression  is  tidiing  place.  Volcanoes  and  volcauic  islands  are  nun' 
oua  in  these  bands,  spreailing  from  New  Zealand  to  the  New  Hebrides 
Guinea,  and  running  thence  through  the  Eastern  Archijielaeo  to  Java  and  . 
I  can  answer  for  rn^ed  coral-reefs — prolinbly  raised  tringinp  reefs — existing  ialK 
country  at  Timor  and  Java,  and  some  of  the  intemietiiate  islands,  at  heights  cf<i# 
or  two  hondred  feet  at  least  alxive  tiie  level  of  the  xea. 


te  outer  slope,  where  the  (rij 
9  base,  and  would,  if  it  cw 

o  eitend  in  the  Padfc,  W 


•  Tho 


o  Mr.  Dan 


lisbedia 


leBcigli^,  rurfullileacrlptionsof  these  coral  ne^  end  IW 
npoeltlon  <if  thla  dcctrlae  or  the  depreulcm  or  tbe  oceui-beil  as  an  opllcatlon  ct  lb* 
lomana.    Bee  also  Dana,  Ktjiiorint  ElftdUlm  Btporli,  IfttS,  and  KiB. 
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Smnxnary.  —  From  wliat  has  now  been  stated,  it  appears  that 
ridelj-extended  movements  have  been  and  are  now  going  on  within 
he  crust  of  the  earthy  and  that  these  movements  manifest  themselves  at 
he  suiface,  sometimes  in  the  elevation,  sometimes  in  the  depression,  of 
he  land  or  of  the  sea-bed.  When  land  rises  or  falls  the  change  affects 
he  climate  of  the  regions  so  moved,  and  changes  of  climate  react  upon 
he  various  tribes  of  plants  and  animals  of  the  land.  In  like  manner, 
levation  or  depression  of  the  sea-bed  influences  the  course  of  marine 
urrents  and  the  distribution  of  temperature  in  the  ocean — changes 
rhichy  as  on  land,  tell  upon  the  marine  climates,  and  consequently 
ipon  the  distribution  of  the  plants  and  animals  of  the  sea. 

A  consideration  of  the  present  denudation  of  the  globe,  as  will  be 
thown  in  a  subsequent  chapter,  makes  known  to  us  that  so  universal  is 
;he  waste  of  all  land-surfsices,  that,  were  there  no  compensating  force  at 
roik,  all  dry  land  would  eventually  be  worn  away,  and  its  debris  would 
^  deposited  on  the  floor  of  the  ocean.  This  compensating  force  is 
mpplied  by  the  subterranean  movements  which  result  in  the  permanent 
ilevation  of  land. 

But  if  we  reflect  a  little  on  the  necessary  effects  of  such  movements 
is  those  which  we  have  been  considering  in  this  chapter,  we  perceive 
Quit,  while  the  surface  of  the  globe  is  affected,  there  must  also  be  con- 
iidenible  changes  brought  about  within  the  crust  of  the  earth  below  the 
^cvated  or  depressed  areas.  One  result,  which  must  often  happen,  is  the 
^lormous  compression  of  the  rocks  at  great  depths.  If  it  be  true,  and 
^  cannot  doubt  that  it  is,  that  there  has  been  a  secular  cooling  of  the 
^hole  body  of  the  earth,  and  if  the  rocks  composing  the  mass  of  the 
^^Tth  have  on  the  whole  contracted  on  cooling,  the  hardened  crust  must 
S^adually  have  shrunk.  In  the  course  of  this  process  both  elevation 
^Hd  depression,  on  the  largest  scale,  probably  occurred,  and  at  the  same 
^Une  enormous  plication  and  crumpling  of  the  rocks.  There  is  good 
^Qason  to  believe  that  the  elevation  of  mountain  chains  may  very  gene- 
^^y  be  due  to  the  results  of  this  slow  secular  refrigeration.  It  may  seem 
t^iadoxical  to  speak  of  lofty  mountain  chains  being  due  to  a  shrinking, 
of  an  expansion,  of  the  earth's  crust  But  we  must  remember 
while  the  general  result  was  a  dimiuiition  of  bulk,  the  enormous 
of  the  shrinking  crust  would  often  relieve  itself  by  the  rise  of  long 
"^  ^d  variously-shaped  portions  of  the  outer  shell.  The  form,  direction, 
[  1^  8i2e  of  these  ridges  would  be  determined  by  variations  in  the 
I  ^tmctore  of  the  crust,  by  the  position  of  the  internal  tunnels  or  re- 
lervoirs  already  referred  to,  and  no  doubt  by  many  other  local  features, 
legnding  which  we  know  as  yet  little,  and  may  never  know  much. 
:  Kis  subject  will  be  again  referred  to  in  the  account  to  be  given  of  the 
ttigin  of  mountain  chains. 


CHAPTER   XVra. 


EARTHQUAKB8. 


BssroES  the  slow  moTements,  described  in  the  foregoing  chapter, 
are  others  of  a  sudden  and  violent  kind,  which,  though  they  do  not 
duce  the  same  extent  of  permanent  change,  yet  give  rise  to  far 
disastrous  temporary  disturbance.  These  more  rapid  and  sen 
movements  come  under  the  general  denomination  of  earthqu 
Their  intensity  varies,  however,  very  widely.  In  many  cases,  & 
instance  in  Britain,  all  that  is  usually  felt  is  a  mere  vague  undergr 
rumbling,  like  the  sound  of  distant  thunder,  or  of  booming  artillei 
of  a  heavily-laden  waggon  drawn  along  a  causeway,  A  little  gr 
force  of  shock  suffices  to  shake  windows,  pictures,  glasses,  and  ( 
loose  objects ;  a  heavier  shock  loosens  chimneys,  slates,  plaste 
cracks  walls,  or  twists  round  the  upper  parts  of  spires  and  monnm 
From  such  comparatively  slight  manifestations  we  can  follow  the 
crease  of  intensity,  until  we  meet  the  true  and  typical  earthquake,  ^ 
the  ground,  heaving  up  and  down  like  the  sea  in  a  storm,  is  rent  ( 
houses,  churches,  even  entire  cities,  are  reduced  to  ruins,  cliffa 
shattered,  rivers  and  lakes  ponded  back,  and  the  sea  driven  in  ] 
waves  upon  the  land. 

Definition  and  Laws  of  Earthquake  motion. — Mr.  Mallet ''^  de 
an  earthquake  as  "  a  wave  or  waves  of  elastic  compression,  in 
direction,  from  verticality  upwards  to  horizon tality,  in  any  azimuth 
compass  bearing),  *'  through  the  crust  and  surface  of  the  earth,  from 
centre  of  impulse,  or  more  than  one,  and  which  may  be  attended 
sound-waves  and  sea-waves,  depending  on  the  impulse,  and  upon 
cumstances  of  position  as  to  sea  and  land.**  He  gives  the  followii 
the  conclusions  to  which  his  careful  researches  had  led  him. 

1.  The  "  earth- wave  of  shock  "  appears  to  be  the  result  of  a  su 
impulse  or  blow,  such  as  a  sudden  volcanic  outburst,  sudden  cra( 
of  a  mass  of  rock  in  a  state  of  tension,  sudden  generation  of  steam 
water  in  a  spheroidal  state,  or  sudden  condensation  of  steam  i 
pressure  of  sea-water.  Such  a  sudden  impulse  would  always  ca 
wavey  that  is  a  rise  andfaliy  either  in  solid,  liquid,  or  gaseous  substi 

*  In  his  B«port  to  the  Royal  Society  on  the  Neapolitan  earthquakes  of  1857,  pol 
In  1862  as  a  separate  work,  in  t  toIs.,  by  Chapman  and  Hall. 


urn  or  1 

a.  Tltia 
■  apot  fbrbvt  kfaatfM[^M 
Bk  T*^  -  I  II  Tiiiii  ill  i|jhiiii 
we,  it  ifRMfa  m  aaim  Im 
t  dizectfy  over  Ae  lAo^ 
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leteraiiBe  that  mefK  in  evn  nr  Tjunt  placMi,  vt  'tai 
A^tb  and  ezbsit  nf  d«  "-  itratnL  impnlpR.''  TIu>  mar  '■»•  •ioae  hj 
niog  it!  cflcea  it  taann,  "iviadanw,  nr  pmjnoioii.  in  mch.  diiiiifs 
rtwtirtwl  bwilitiTHB.  Tlu!  innnaiff  if  tnntinii  wul,  oi  >*J)nEWr  '** 
tert  one  the  "  tattae  v-ttaraL,"  hnC  is  d 
Vr.  ^  «B  neede  fti»  t^  winue  Tiwncal.  die  <i' 
Mm*  ■•  tlie  Hi^  «<  t.iu,jeuee  fri-ni  Tbe  inasuHrf  'if  t^  jnw^r 
faUMa  in  the  mma  ftDfotHm,  bqt  ^Hn  mnac  h*  wima  carrvl  Gne 
Ac  inr&tt  of  the  am  aOwttfi,  wfaoL  the  ivnCnnnifE  pnw  ia  a£ 
MumiiBif  tQ  cooMongiiflg  '^  ^le  w!st%  'caus^cnff  wii&  mfijcnt 
■^■i^r  before  it  hat  kM  the  Ri|iiiti^  inia^r. 
t.  The  Tdodtj  of  tmnl  of  the  wxnt  mrt  ant  bit  tmfisnricd  «tth 
l*Telod^  of  AaA^  or  that  of  mnom  in  any  paitb-.Le  aSicted  fcr 
&lf  tbe  aaKHmt  of  actual  wjCuw  of  onj  piKtKie  alwn  sod  bdov 
■igilial  place  he  call*  the  "aat^itode"  of  dui  war-.  TWe  ftm  of 
I  mn  tnreU  baU  a*  bN  *•  a  aaofio^fit,  btn  the  BuCkn  «f  » 
tide  in  amplitude  ii  not  mcae  npid  than  tliat  of  a  bodj-  UKsg  fran 
■^  (rf  three  feeL     It  ii,  iKiweTer,  the  Iatt»  motkn  which  doca  the 

chief  to  tinilJiiig» 

I>  the  Calabrian  carthqnakes,  in  1657,  Valkt  tiyaai  the  nlodlT  "* 
■it  of  the  wmTC  to  baTe  Taried,  according  to  the  rock  foiiiiilinna  it 
HKd,  bom  0&a  Utt  to  089  feet  per  Mctnd,  with  a  meu  of  T89 
per  aee<H)d.  The  relod^  of  ihock,  howerer,  mne  oat  odIt  11  or 
tM«  per  eecmtd,  and  the  "  ain[Jitnde  '  of  the  ware  not  VMe  than 
r  4  inehe*.  Fnm  obaenrattona  on  the  eKcts  npcn  hoihUnj^ 
£Bg  him  to  Mliiil»t*  the  ai^le  of  etiiei]gence  of  the  ware  at  diK^^• 
pUen,  HiBet  fixed  the  ponbtn  of  the  Otlabrian  oentre  of  impaW 
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and  calculated  that  its  mean  depth  was  5'3  miles,  bnt  that  it  was  9 
miles  long  horizontally,  and  3  miles  vertically. 

From  the  description  given  by  Humboldt  of  the  earthquake  it  j 
Riobamba,  in  which  the  bodies  of  people  were  projected  a  height  of  100  ' 
feet  across  the  Lican  [torrent  on  to  the  hill  of  La  Culla,  Mallet  calcih  ; 
lates  that  the  velocity  of  shock  there  must  have  equalled  80  feet  per 
second,  or  more  than  five  times  that  of  the  Calabrian  earthquake  d 
1857,  and  that  the  depth  of  the  central  impulse  must  have  been  30^ 
geographical  miles,  which  he    supposes  to  be,  perhaps,  the  greatest  j 
possible  depth.     This  would  be  represented  by  one-eighth  of  the  sptoe 
between  the  outer  and  inner  circle  in  Fig.  126,  page  319. 

Eflfeota  of  Earthquakes. — For  descriptions  of  recorded  eaillt* 
quakes  the  student  will  ccmsult  such  works  as  those  mentioned  in  thi 
note  Wlow.*  He  may  find  it  of  service,  however,  to  have  the  efliedi 
produced  by  earthquakes  summarised  in  the  following  paragraphs: — 

1.  Heaving  or  Undulatory  Movement  of  the  Ghround. — If  we  wikl 

the  vessels  in  a  harbour,  xslien  a  strong  swell  is  coming  in  from  the  sea  outside,!* 
see  the  mastn  rocking  uneasily  backwanls  and  forwards,  as  each  undulation  poiM 
under  them.  The  motion  produced  by  an  earthi[uake  wave  is  of  tlie  same  kiii 
Trees  arc  bent  over,  now  to  the  one  side  and  now  to  the  other  ;  sometimes  thdf 
upper  brani'lies  toiuh  the  ground.  In  a  wooded  country,  the  crashing  of  bou^l 
is  heanl  far  and  wide  as  the  trees  are  thrown  against  each  other ;  after  the  calamitj 
has  passed  tlie  gn)und  is  found  strewed  with  bn)ken  branches  and  ]>rostnttl 
trunks.  Among  the  still  erect  trees,  some  are  found  loi'ke<i  into  each  other— tkl 
bouglis  of  one  having  Wen  inextricably  twisted  into  those  of  its  neighbour,  as  they 
were  swung  to  and  frt>  by  the  rocking  ground.  Tall  pinnacles  of  rock,  in  Kk* 
manner,  after  reeling  backwards  and  forwards,  son)etimes  fall  in  headlong  rdi 
into  the  valley  l>elow,  hurling  down  woo<is  and  hamlets,  and  spreading  desolatifli 
over  cultivated  fields. 

It  is  natural,  however,  that  these  effects  should  be  more  noticeable  amoi| 
human  works  than  in  nature.  Accordingly,  it  is  the  results  of  earthquake  sboAi 
on  buildings  which  have  l)een  chiefly  chronicled,  and  which  have  enabled  lat* 
arrive  at  some  knowknlge  of  the  nature  of  the  movements  by  which  these  shod* 
are  produced.  When  a  shock  of  full  violence  passes  under  an  inhabited  countit, 
the  houses  and  other  buildings  rock  to  an<i  fro  like  the  ship-masts  in  the  harbour. 
The  result  is,  that  in  a  few  seconds  the  walls  give  way,  and  the  buildings  sink  ii 
ruins  to  the  ground,  burying  such  of  the  luckless  inmates  as  have  been  unable  to 
escape.  Sometimes  it  is  the  buihlings  solidly  constructed  of  stone  which  suff* 
most,  and  lamentable  instances  are  on  record  of  thousands  of  people  having  betf 
crushed  under  the  ruins  of  churches,  int<i  which  they  hwi  gone  either  for  ti* 
purjwses  of  devotion  or  lor  greater  seciirity.  At  other  times  the  well-bnfl^ 
houses  escape,  whilst  those  more]slimly  formed,  of  wo<xi  or  of  brick,  tumble  da«t 
as  if  they  had  been  built  of  cards.  In  such  cases  the  different  modes  in  which  thi 
houses  suffer  appear  to  depend  upon  the  nature  of  the  ground  on  which  they  tit 
built,  as  well  as  of  the  materials  of  their  construction.     There  seems  somethioC 

*  See  Von  Hoff*g  Venindernngcn  der  Erdoberfidcht^  parts  2,  4,  and  5;  Mallet'i  wort* 
already  cited,  and  his  EarthqtMke  Catalof/ve,  published  by  the  British  Association ;  LyeUPi 
Principles  of  0<ology,  vol.  Ii.  ;  Sonierville's  Physical  Geography.  An  interesting  ivsami  d 
the  earthquakes  in  18tl7-8  wis  given  by  C.  L.  Qrietbach  to  the  Geographical  Societj  «f 
Vienna,  and  is  published  separately  under  the  Utle  Srdbeben  in  dm  Jahrtm  1807  wtd  l9Sk 


XFracTS  or  eabthquakxs.  341 

ifc  cmpgieioM  im  fhe  mt^bqtttktt  •hook.  A  wliole  ftraet  will  tometimM  be 
ad  to  the  groiiiid»  ensept  one  bouse,  wbkh  may  be  bat  little  injured;  half  of 
mt  will  be  thrown  down,  while  the  other  half  renudn*  not  mnoh  the  worse ;  a 
'  cr  obeUsk  will  bsTo  its  stones  twisted  round  upon  each  other,  and  yet  the 
» iwmain  still  stsnding  Instances  are  also  rsoorded  of  buildings  having  been 
mA  in  two^  the  one  hidf  sinking  down  sereral  feet  below  the  lev^  of  tiie  other. 
iHides  the  nndnlatory  movement  of  the  earthquake,  which  causes  perpeudi- 
rdljaoti  to  swi^  to  and  fro,  there  is  in  the  centre  of  the  disturbed  area  (that 
directly  over  the  focus  of  disturbance)  an  upward  jerking  motion, 
evoi  horiaontal  bodies.  For  instance,  cases  are  known  where  the 
ot  a  strset  have  been  pitched  ont  of  their  sockets,  and  have  been 
the  earthquake^  lying  with  their  under  surfaces  uppermost.  This 
wwhiaed  with  the  wave-like  one,  produoes  sad  havoc  in  a  town.  Or 
wmUnmt  stupsodoos  rssulti  are  often  brought  about  Thus,  along  river- 
haaks  of  looM  earth,  sand,  or  gravel,  are  shattered,  and  masses  are  launched 
itownds  the  river.  Oa  mountahi  slopes  also,  lazge  areas  of  soil  and  debris 
1  •hnken  loose  from  the  rock  on  which  they  rested,  and  buried  into  the 
Sfmllnr  results  take  place  along  the  margin  of  the  sea.  Earth,  soil,  and 
I M  fhn>iin  from  steep  slopes  to  the  beach ;  and  cattle  browsing  on  these 
an  likewise  swept  down ;  even  solid  difb  are  shaken,  and  large  ftag- 
i«r  then  detached  to  fall  into  the  waves  below. 

cfpea  of  thfl^.  Ghround. — Besides  the  effects  produced  by  the 
or  jeridng  motion  of  the  earthquake  on  otijects  at  the  surface,  another 
faaportant  feature  is  the  actual  rending  open  of  the  ground.  This  does  not 
take  place  in  all  earthquakes ;  but  it  is  one  of  their  frequent  and 
ompaaiments.  Cracks  of  the  soil  are  formed,  and  these  vary  in  size 
Ia4f  >^  ^^  ^  t^o  ^  length,  and  an  inch  or  two  in  breadth,  up  to  rents 
adies  loag,  and  sometimes  several  yards  in  diameter.  l>uring  the  progress 
lanthqaake  such  cracks  are  observed  to  open  and  close  again  sometimes  in 
■eesssion.  Trees,  houses,  men,  cftttle^  anything,  in  short,  which  may 
is  be  oa  the  surface  at  the  time,  fall  into  the  chasm  opening  beneath 
■ad  may  be  there  engulfed  for  ever.  Tet  cases  are  known  where  men  have 
.  ihrto  the  cracks,  and  thou(^  the  walls  have  closed  upon  them,  they  have  been 
tiaa  oat  again  alive  when  t^  chasm  reopened.  Quantities  of  mud  and  sand, 
k  with  water,  are  sometimes  ejected  from  the  rents,  or  fh>m  curious  funnel- 
qpsd  mtWm  formed  in  the  ground  at  the  time.  The  fissures  either  dose  again 
kfeSMBtly,  aady  after  the  euthquake,  cease  to  be  visible,  or  they  remain  open, 
I  aqr  aoatinae  so  for  many  years,  until,  as  their  sides  crumble  down,  tiiey 
lnaa  Hied  ap^  and  in  the  end  gradually  obliterated,  or  in  some  cases  they  may 
•  lin  to  aew  minor  valleys. 

SL  Bilbala  on  the  Ooean^ — ^It  is  evident  that  no  shaking  of  the  solid  land 
M  tiki  place  without  affecting  more  or  less  the  waters  of  the  ocean.  This 
dd  be  the  ease  if  the  seat  of  tiie  earthquake  shock,  or  the  place  where  it  first 
ri^d  the  sarfeoe  fhim  below,  lay  beneath  the  inland  parts  of  a  country,  and  the 
Aaaake  wave  undulated  outwards  to  the  sea-margin.  But  it  often  happens 
H  mb  point  of  origin  of  an  earthquake  lies  somewhere  beneath  the  bed  of  the 
^  and  though  the  actual  earthquake  wave  may  never  be  propagated  through 
t  aoiUd  erast  to  reach  the  land,  the  commotion  it  produces  in  the  waters  gives 
I  to  ea  ooeearwave  which  rolls  landward  until  it  breaks  upon  the  coast  In 
tti^  fa  an  maritime  districts  subject  to  earthquakes,  the  amount  of  dissster 
iMadbj  the  shaking  of  the  ground  is  often  far  less  than  that  which  is  worked 
Ae  iamd  of  the  sea.  The  inhabitants  have,  perhaps,  been  terrified  by  the  first 
lefc  of  the  earthquake^  when,  before  they  have  recovered  from  their  surprise,  they 
Oe  eta  ia  front  of  them  retire  for  several  hundred  yards,  laying  bare  the  bottom 
or  the  beach.    By-and-by*  when  it  has  reached  its  farthest  limit  of 
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retreat,  they  watch  it  sni^ge  and  foam,  and,  gathering  itself  into  a  broad  bretit  of 
water,  rush  furiously  towards  the  shore.  In  a  few  minutes  hnndreds  or  thonsandi 
of  the  inhabitants  are  drowned,  or  dashed  against  hooses,  or  transfixed  with  hroka 
wreck.  What  of  their  city  has  been  left  unprostrated  by  the  earthquake  is  nov 
inundated,  and  in  great  part  levelled  by  the  torrent  of  sea-water.  Ships  ridiig 
in  the  roadstead,  even  heavily-armed  men-of-war,  are  swept  inland,  and  left  higk 
and  dry,  half-a-mile,  it  may  be,  from  the  shore.  In  short,  wherever  the  sea-wan 
reaches,  it  carries  with  it  indescribable  desolation.  Property  of  every  kind  ii 
destroyed,  and  in  a  few  moments  a  busy  seaport-town  is  actually  blotted  oat  of 
existence. 

4.  Permanent  Changes  of  the  Surfaoe. — The  efiects,  which  we  bsvi 
hitherto  been  considering,  although  of  terrible  import  in  relation  to  man  and  Ui 
works,  are  not  those  features  of  earthquake  phenomena  which  leave  the  most  pl^ 
manent  marks  on  the  surface  of  the  earth.  A  city  may  be  shaken  to  pieces  or 
destroyed  by  the  ocean-wave,  but  its  site  may  become  again  covered  with  a  Mt 
tovm,  and  every  memorial  of  the  catastrophe  be  efiaoed.  The  present  city  of 
Liubon  is  built  on  the  ruins  of  that  which  was  destroyed  by  the  great  earthqub 
of  1755  ;  and  in  digging  the  foundations  of  new  houses  and  streets,  the  remains  of 
the  destroyed  city  are  continually  met  with.  A  forest  may  be  shattered,  but  timi 
will  eventually  replace  the  prostrated  trees.  Masses  of  earth  or  blocks  of  rock  mf 
bo  loosened  and  fall  into  the  valleys  below,  but  the  scars  which  they  leave  will  en 
lung  be  healed.  But  there  are  accompaniments  of  earthquakes  which  more  po^ 
manently  alter  the  surface  of  a  country,  and  which  show  that  earthquakes  pUy  ■ 
important  pai-t  among  the  agencies  by  which  the  external  contour  of  our  globe  if 
modi  fled. 

By  the  shifting  of  large  masses  of  rock  or  debris  in  the  manner  above  describeii 
the  drainage  of  a  country  may  be  considerably  altered.  When  these  looieiwi 
materials  fall  across  the  course  of  a  river,  one  of  two  results  follows — either  tltf 
river  is  deflected  from  its  old  course,  and  compelled  to  form  a  new  channel,  or  iti 
waters  are  ponded  back,  and  a  lake  is  formed.  In  the  former  case,  over  and  abom 
the  destruction  of  cultivated  ground  which  may  havd  been  caused  by  the  laDdsIipk 
the  river,  in  cutting  out  its  new  course,  may  have  to  traverse  fields  and  gardeni^ 
which  are  of  course  destroyed  by  it  When  its  course  has  been  thus  fairly  altered, 
the  river  is  likely  to  retain  for  a  long  time  the  channel  into  which  it  has  beis 
driven,  and  hence  the  drainage  of  the  valley  is  considerably  modified.  In  lib 
manner,  the  formation  of  a  new  lake  may  entail  the  loss  of  much  valuable  loL 
Moreover,  as  the  barrier  by  which  the  waters  of  the  lake  are  dammed  back  may  b* 
of  loose  incoherent  material,  there  is  the  risk  that,  during  some  season  o(  uniusil 
rains,  it  may  give  way,  when  the  contents  of  the  lake  will  of  course  rush  downtkfl 
valley,  carrj'ing  ruin  to  wherever  they  reach. 

During  the  concussion  of  the  ground,  it  sometimes  happens  that  the  hairier  of 
an  old  lake  is  lowered  or  cracked  in  such  a  manner  as  to  allow  of  the  escape  of  tin 
waters.  After  the  earthquake  is  over,  the  lake  is  found  to  have  disappesredl 
Rivers,  too,  have  been  known  to  be  engulfed,  pouring  into  rents  of  the  groand,  to 
reappear  again  perhaps  at  the  surface  some  way  down  the  valley.  AlUiongh  tk> 
amount  of  change  effected  by  any  single  earthquake  upon  the  drainage  of  aoonstiT 
may  not  be  very  great,  we  must  nevertheless  bear  in  mind  that  if  even  slight 
changes  are  pro<luced  year  after  year,  or  century  after  century,  the  sum  total  <f 
their  results  may  come  in  the  end  to  be  not  inconsiderable.  Whatever  interfere 
with  the  flow  of  water  across  a  country  necessarily  exercises  an  important  inflnsne* 
upon  the  outline  which  the  surface  of  that  country  vnll  eventually  assume ;  for,  tf 
will  be  pointed  out  in  a  subsequent  chapter,  it  is  mainly  by  the  power  of  numiif 
water  that  the  valley  systems  are  carve<i  out,  widened,  and  deepened. 

6.  Permanent  Alterations  of  Level  of  the  Land. — But  of  all  the  tv^ 
which  are  brought  about  during  the  passage  of  an  earthquake,  there  is  none  whiok 
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•li  to  oar  inu^naUon,  ■■  eriiidiig  the  mighty  snergjr  of  the  nDdeTgnmnd 
or  which  !■  in  itaelf  imII;  of  meh  ImportUG*  in  the  hirtoiy  of  ft  lind- 
,  u  the  pcniunent  chuge  of  larel  of  th«  r^oD  affected  b^  the  eerthquake. 
rsea  tha  movMnetit  ia  mi  upward  one,  end  the  gronnd  Tamdni  at  the  height 
ft  it  haa  been  raiaed  ;  lometlmei  it  ia  in  ■  downwnd  direction,  and  the 
left  permanantl;  at  a  lower  leral  than  it  had  hefore.  Id  aithet  caae,  tiba 
Bay  tx  traced  o*ar  wida  area*,  hnudreda  or  Uunuanda  of  •qnare  inilM  of 
r  harlug  bem  apbeand  or  depnaaed  to  a  dirtance  of  eevatal  feet  above  or 
llMlr  fanner  lereL  The  reality  and  extent  of  thia  change  of  level  are  beat 
nag  the  aea-maigin.  When  tlie  land  haa  been  elevated,  it  aeema  aa  if  the 
I  retired  fhnn  ita  andant  Unit  He  beach  aod  all  the  rooka  wMeh  need  to 
had  by  tbc  Udei  are  Ud  ban.  Sbell-flah  are  found  attll  adhering  to  the 
trtwn  tb^  need  to  live,  though  now  &r  removed  Urave  tba  reach  of  tha 
t  la>EailDantitieaofSah,kllledbytheBboekorcMtaahonbrtheirTnpttai 
n^are  abewn  along  tlie  headi,  nd  the  idr  eoen  becomM  fbol  wiw  the 
<  the  decayed  aaimal  matter.  In  the  and,  tbe  npitiaed  baaoh  oomat  to  b« 
Iwldtvagetation;  it  may  be  that  even  vin^ea  and  towna  are  bnUt  npm  it ; 
>  it  beoooaa  absorbed  into  tbe  general  body  of  the  land,  On  faacei  of  Itl 

ceeanation  by  the  lea  giadiully  hde  away.  In  tbia  manner  a  new  edv^e 
I  ll  added  to  the  coaatJinlL  If,  on  the  other  band,  the  eaiibqoake  hai  been 
pmad  1^  a  nbaidance  of  the  groimd  to  ■  lower  leiel  Uun  It  fonnerly  had, 
iD  be  marked  along  the  maritime  dMricts  by  an  encroachment  of  the  aea. 
ana  are  then  found  breaking  over  ploughed  fields  ;  traea,  roada,  honiaa  ua 
rged ;  vUIagea  and  towna  are  IniiBdated,  and  their  inhabitants  compelled  to 
anew  within  the  nanowed  limits  of  the  land.* 

Hitrlbntloii  of  XUrthqTutkea — Although  eartbqoakeH  occur  in 
H  tar  removed  from  any  volcanoes,  tbej  are  yet  moat  abimdaiit  ia 
lie  dutricta,  where  they  precede  or  accompany  volcanic  emptions 
tl  a  way  aa  to  indicate  that  between  the  two  forms  of  ntbtenanean 
ution  there  ia  a  close  connection.     If  the  atndent  will  coosnlt  a 

aiap  of  the  distribution  of  earthquake?  and  volcanoes  over  the 

(nieli  aa  that  in  Keith  Johnston's  Phyneal  Adas,  Plate  z.),  he  will 
Ini  connection  brought  out  very  clearly.  From  the  Azores  east* 
I  along  the  Mediterranean  and  iai  into  Central  Asia,  he  will  per- 

that  there  atretcbes  a  broad  band  of  tbe  earth's  surface,  partly 
md  partly  large  inland  eeaa,  aubject  to  frequent  shocks  of  earth- 
;  In  this  band  he  will  notice  that  there  occurs  a  long  broken  line 
caoic  foci.  From  the  volcanoes  of  the  Azores  and  Canary  Islands 
M  on  to  Tesuvins  and  Etna,  then  by  those  of  the  Qreek  lalands, 
be  extinct  cntera  of  Syria,  to  the  yet  active  volcanoes  of  the 
m  and  the  Thian  Shan  mountains.  In  like  manner  the  whole  of 
eatern  sea-board  of  the  American  continent  is  subject  to  earth- 
■,  sometimes  of  great  aeveri^,  and,  on  looking  at  the  map,  we 
■e  that  thia  region  is  thickly  set  with  volcanoes  along  the  great 
ttin-chain  from  Patagonia  northwards  into  Mexico. 

«  aboav  nrnmajy  ot  the  afheti  of  euUiquakia  ti  taken,  with  aout  iH^t  alUntlani 
ItiMM,  CHMDa  paper  on  BarthqukM  ud  VolfluuH,  written  by  tha  pnaent  BUUir  (or 
■•laJHMllaNmr  7Vae«i,  UIO,  to  which  the  atsdent  may  be  referred  tor  lUrUm  gaoM*! 
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Xzteoit  of  GhK>tind  aflboted  hy  an  Barthqiiake. — The  area 
over  which  the  shock  of  a  single  earthquake  may  be  felt  varies  in- 
definitely. With  such  feeble  earthquakes  as  those  of  which  a  number 
occur  every  year  in  the  British  Ifllands,  the  tremor  does  not  extend 
beyond  the  limits  of  one  or  two  counties.  But  when  the  shock  ii  one 
of  full  intensity,  it  may  be  felt  over  a  space  of  many  thousand  square 
nules.  During  the  great  Lisbon  earthquake  of  1755,  for  instance,  the 
effects  of  the  earth-wave  were  felt  over  nearly  the  whole  of  Europe ; 
from  Iceland  to  the  north  of  Afiica  houses  trembled,  lakes,  canals,  and 
ponds  were  agitated*  The  sea  rose  in  a  great  wave  round  the  coasts  of 
Britain,  and  the  same  wave  rolled  westwards  and  broke  in  great  ftaj 
over  the  islands  of  the  Antilles.  Even  the  waters  of  Lake  Qntaiio 
were  disturbed.  In  August  1868,  an  earthquake  threw  down  the  towu 
and  cities  of  Peru  and  Ecuador  over  a  strip  of  country  two  thonsn^ 
miles  long,  extending  from  the  coast-line  up  into  the  chain  of  the 
Andes.* 

'  *  The  itadent  who  would  pnnrae  this  laliject  will  find  the  work  of  Von  Hoff  and  thoMrf 
Mr.  Mftllet  already  cited  hia  moat  naeftd  authoiitiea.  He  ahonld  alao  atudy  a  map  cf  tti 
diatribution  of  earthqoakea,  auoh  aa  that  in  JoK»st<m*$  Fhysiecd  AOoi,  or  in  Mr.  BexvfA 
work  on  Volcanoes. 


CHAPTER  XIX. 

YOLOANOES  AHD  YOLOANIO  ACTION. 

^Qfltizre  of  a .  Voloano.* — ^A  volcano  is  a  more  or  less  conical  hill 
^Mnntain^  composed  entirely,  or  nearly  so,  of  materials  which  have 
^  qected  &om  beneath  the  sorfieuse  through  one  or  more  pipes  or 
lAi  commiinicating  with  a  highly-heated  portion  of  the  earth's  cmst 
ki  a  truncated  summit,  on  which  Hes  a  basin-shaped  cavity,  known 
Vie  eraUTy  at  the  bottom  of  which  is  the  month  or  opening  of  the 
%ub  np  which  the  sabterranean  materials  are  erupted.  These 
ttoiali  consist — Ist,  of  aeriform  discharges,  as  gas  and  vapours, 
^ticiilarly  steam  ;  2d,  of  dust,  stones,  and  lai^  blocks  of  rock  ;  3d, 
Kiiolten  rock  or  lava.  An  activt  volcano  is  one  from  which  some  one 
other  of  these  three  forms  of  discharge  is  always  being  given  off. 
L  txUnct  volcano  is  one  from  which  the  discharges  have  ceased.  In 
'olcano  which  is  known  to  be  active,  however,  the  discharge  may 
oetimes  be  very  feeble,  consisting  perhaps  merely  of  an  occasional 
iasion  of  steam,  while  from  a  volcano  which  has  been  extinct  during 
whole  of  human  history,  quantities  of  carbonic  add  gas  or  heated 
ter  may  still  be  given  off. 

The  conical  form  of  a  volcano  arises  from  the  piling  up  of  the  solid 
terials  round  the  orifice  from  which  they  are  discharged.  The  loose 
t  or  ^  ashes,"  and  ^  lapilli "  or  stones,  on  their  ejection  into  the  air, 
partly  back  into  the  shaft,  but  chiefly  round  its  margin.  Hence,  as 
eraptions  continue,  the  hill  grows  in  height  and  diameter.  Streams 
^  lava"  or  molten  rock  flow  from  the  lips  of  the  crater,  over  the  sides 
he  cone,  or  escape  through  some  weaker  part  of  the  sides  or  base  of 
hill,  and  descend  in  streams  or  ''  coul^  "  into  the  valleys  or  level 
Dtry  below.  Hence  a  section  of  a  typical  volcanic  cone  would  show 
iiitral  pipe  or  shaft,  from  which  numerous  irregular  lenticular  beds 
^  toff"  (that  is,  solidified  '^  ash  ")  and  lava  dip  away  outwards,  their 

For  ftin  det«0«  on  the  labject  of  this  chapter  the  student  will  do  well  to  oonsnlt  the 
vclive  vock  oC  Mr.  Scrc^  on  Foioanocs  (second  edit.,  186S),  tnd  Dr.  DMbenT*!  work 
M  SHDe  snl^eet  The  fonner  takes  up  chiefly  the  geological  aspect  of  Toleanio  action ; 
lattar  duals  laigely  with  the  chemical  aspect    Much  infonnation  may  also  be  obtained 

Mr.  Suwin's  Felosiiie  Ii&mdt  and  SayJik  America,  the  papers  and  works  of  Sir  C.  Lyell, 
swhanasii^s  work  on  Etna,  and  from  the  works  of  snch  traTsUers  as  Homboldt,  Vou 
h,  DisMV  sad  maaj  otheia. 
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inclination  next  the  crater  being  as  lugh  aa  30°,  and  lenening  towarii 
the  lower  ground,  till  it  paBMB  into  horizontality .  Hi«re  is  also  an  indi' 
nation  innarda  ronnd  the  walle  of  the  crater,  owing  to  the  looee  ""i*™* 
lolling  back  again  down  the  inner  slope  of  the  crater  («ee  Fig.  130).* 

When  the  original  conical  pile  ooquirea  any  aize,  lateral  orificei  at 
crateiH  are  formed  about  it«  flanks,  and  produce  little  eecontUif 
cones,  which  often,  as  in  Etna,  stud  all  the  sides  of  the  nuii 
mountain  with  minor  hills  ;  many  of  thcM  doubtless  become  bmied  m 
the  process  goes  on,  either  under  beds  of  tuff  or  streams  of  lava,  n 
that,  if  we  could  take  such  a  cone  tii  pieces,  and  demonstrate  each  stepii 
its  formation,  it  would  be  found  to  have  beuu  a  very  long  and  complicaHl 
process.  Sometimes  a  row  of  cones  is  formed  tdong  a  certain  linctf 
country,  without  any  central  dominant  one ;  sometimes  two  or  nxn 
neighbouring  cones  grow  to  nearly  equal  sixe,  and  eometimea  one  of 
is  buried  under  the  accumulations  of  the  other,  which  either  tempoiarily 
or  permanently  assumes  the  superiority. 


Ideal  Kctloa  Uiniugh  volcuiK*. 

Fig.  1 30  may  be  taken  as  a  rough  diagrammatic  idea  of  the  mode  <' 
fornmtion  of  volcanic  cones  and  craters,  the  parts  croased  by  veitiisl 
lines  representing  the  lava-flows,  and  the  other  lines  the  accamnla^ 
of  beds  of  ash,  including  under  that  term  all  other  ejected  nt 
In  reality,  the  structure  will  almost  always  be  much  more  complicaUJi 
the  minor  cones  and  lateral  vents  being  greatly  more  numerous,  tti 
the  whole  traversed  in  all  directions  by  ramifyii^  dykes  and  yaat<i 
lava,  with  lateral  pipes  for  sonie  of  the  lateral  oones  bnmching  fromtb 
main  vertical  funnels, 

Volcaioic  Froduota. — These  have  been  just  referred  to  as  of 
kinds — gaseous,  solid,  and  liquid. 

1.  Oases  and  Steam. — Carbonic  acid   gas,  sulphuretted    hydragO), 

*  It  U  not  necwMTT  to  do  more  than  dlDds  in  ■  footnol*  to  the  tlieoty  of  Homl 
Von  Buch,  ud  otbcn,  tlwt  i  rolunlc  cone  ii  doe  nulnljr  to  in  eleviCtoe  o(  tb*  (r 
bentUb  Itas  focni  of  tniptloo,  uil  not  Co  the  gnutuil  tccntioa  of  nuterijil  ronnd  tb*  p^ 
of  sisluion.  The  itodeol  will  flod  tfaii  theory  unplf  dliproved  hj  Mr.  Scrope  (Viliatm 
Id  edit. ;  Voiea%i)€iafCttUTxUFmict!tiiipipenlB<ikaTl.JiiunhGnil.S«.,Iii.SM,mi''- 
MS);  ind  bj  SlrChuIei  I^U  (i>AU.  Timu.,  dnllL  put  S,  ud  Piineiplm  a/GtIan,  'ntU 
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n,  lijdrogeii,  and  hydrochloric  wnil  gas,  have  been  found  to  riao 
ctive  Tolcanoei.*  Bnt  the  most  freqaent  and  abnndant  of  the 
m  diachaigea  are  those  of  ateam.  In  all  ernptions,  whether  of 
DT  of  Urs,  ateam  riaea  in  enormona  qoantitiea,  and  being  con- 
into  clouds,  blla  to  ihe  earth  «a  rain.  It  ia  liitewiae  given  off 
ara-cnrrents  to  anch  an  extent  that  Mr.  Scrape  haa  even  main- 
that  fluid  lava  owea  its  mobility  to  the  pieeence  of  water,  or  the 
r  of  water,  in  the  minute  interaticea  between  the  crystala. 
Adioa  and  Stone*. — The  explosions  of  an  active  volcano  an 
Fdl  enoQgh  to  btuat  open  anj  lava  which  may  have  partially 
led  in  the  vent,  to  eject  ita  fra^ente  to  a  great  height  in  the  ur, 
ly  eonatant  qection  and  tritniation  of  the  broken  mateiiala,  to 
n  an  enormona  amount  of  fine  dnat  or  "  aah."  Thia  fiagmentaiy 
iU  ueceaaarUy  varies  greatly  in  composition  and  texture  (aee  Chap, 
106).  Where  the  lava  in  the  pipe  beneath  has  been  trachyte, 
h  give*  Hm  to  a  tiachyte-tuff ;  where  it  haa  been  pyrozenic,  a 
eoic-tnS  or  peperino  h  prodnced.  SometJmee  the  tuff  ia  made 
the  finest,  almost  impalpable  powder,  and  bom  this  texture  there 
7  gradation,  up  to  a  coarse  breccia  or  agglomerate.  When  the 
olcanic  duet  is  ejected  to  a  great  height,  it  occasionally  cornea 
le  track  of  an  upper  current  of  air,  and  may  be  borne  to  i^taucea 
I  mile*  before  falling  to  the  earth.  Thus,  showers  of  ash  now 
len  descend  pretty  thickly  upon  parts  of  the  Shetland  and 
f  Islands  during  an  eruption  of  one  of  the  Icelandic  volcanoes, 
the  loose  ejections  of  a  volcano  fall  on  the  aides  of  the  cone,  they 
)  a  stratified  onangement,  in  irregular  lenticular  beds,  dipping 
'rom  the  crater.  Thia  is  tiie  case  even  when  they  fall  loosely, 
len,  as  often  happens,  the  plentiful  discharge  of  steam  gives  rise 
enta  of  rain,  the  looee  aah  becomes  mingled  with  the  water,  and 
a  Idnd  of  volcanic  mud,  which  may  be  aa  destmctive  to  vine- 
ind  houses  es  molten  lava. 
ZiATa. — Under  this  term  may  be  included  oil  the  products  of  a 

0  which  aie  ^ected  in  a  molten  state.  The  miueralogical  dia- 
na  of  theae  rocks  have  already  been  given  (p.  100  e(  i«q.)  A 
t  of  lava,  or  coul^  may  issue  either  from  the  lowest  part  of  the 
f  the  crater,  or  from  aome  lateral  orifice  of  the  volcano.     It  may 

1  size  from  a  mere  rill,  which  doea  not  reach  the  base  of  the 
I  cone,  like  the  oheidian  coulee  on  the  north  side  of  the  Island 
eano,  to  a  vast  flood  of  molten  rock,  spreading,  as  in  the  case  of 
aptir  Jokul  in  17S3,  4S  miles  in  one  direction,  and  50  miles  in 
r,  with  a  breadth  of  from  7  to  16  miles,  and  a  height  of  &om 
I  aa  much  aa  600  feet 

le  nppei  surface  of  a  lava  stream,  cooled  iu  the  open  air,  is  nsually 
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a  BUM  of  loose  slags  and  cinders,  like  the  "  dinken "  of  an  iion- 
fonndrT'.  Where  the  streani  first  issuea  from  the  earth,  it  seems  pe^ 
fectly  fluid,  and  glows  with  an  intense  white  light  and  heat.  It  ties 
moves  somewhat  rapidly.  But  a  few  yards  further  down  it  begins  to 
darken,  and  assume  a  rough  slagg]'  crust,  nnder  which  the  red-hot  Un 
continues  to  move  onwards.  Its  farther  eitremitj  ia  a  aiowlj-moTiBg 
masa  of  loose  porous  bloclcs,  rolling  over  each  other  with  a  haiah  Honvl, 
like  the  grating  rattle  of  iron  slags. 

AH  rock  is  a  bad  conductor  of  heat,  eo  that,  when  once  a  Im 
stream  acquires  a  cooled  crust,  the  mass  within  may  remain  gloidiig 
hot  for  a  considerable  time.  It  is  possible  to  walk  about  on  the  cooled 
surface  of  a  lava  stream,  and  yet  to  roast  eggs  or  light  dgars  in  tba 
crevices  of  the  crust.  A  lava  stream  may  retain,  even  for  ten  yean  ot 
more,  sufficient  heat  to  give  off  steam,  and  to  make  it  impossible  U 
hold  the  hand  in  some  of  the  crevices.  Caverns  are  sometimes  fointd 
in  lava  streams  by  the  sudden  escape  of  the  molten  maas  below,  leaving 
the  cooled  cnist  standing  like  the  roof  of  a  tunnel  In  a  mass,  thtre- 
fore,  which  cooled  IhB 
slowly  in  the  inUhot 
and  rapidly  oaludi:,llK 
upper  surface  may  be 
light,  porous,  and  on- 
dery,  the  lower  snrfkt 
somewhat  similar,  tsd 
the  cent  lal  portion  solU, 
compact,  or  ciystallist- 
Aa  a  matter  of  bd, 
wherever  old  Is^ 
streams  have  been  uA 

^    into,  either  nataiallfW 

artificially,  we  find  th 
vesicular  character  <i 
the  upper  aurfac*  g* 
dually  but  rapidly  dit- 
appearing  below,  sod 
the  rock  passing  into* 
bard,  compact  BUM, 
often  columnar,  so^ 
frequently  quite  oj*- 


Bectlon  of  ■  tan  Doul^e  r«Ung  on  tuff.    Shore  at  Tom  dell 

o.   Btaggy  D] 
o«titnl  portion,  ■  gny  cvioni  Ikta,  vlth  aaglto  and  oil 
»  feet  thick  ;  e.  iliggy  lower  euif»ce, 

f™ie«th-«iioidioii;i,»ncienttoir.  contemporaneous  trsp,  j 

out  the  fact  that  its  upper  and  lower  sui&ce  are  very  com-  ] 


feet;  d.  Ityaa 

we  pointed 


In   describing   llH   . 
I  sheet  of  1 
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only  sooriform,  and  tbat,  in  this  respect,  it  closely  resembled  a  modem 
va  (see  p.  273).  In  illustration  of  this  resemblance,  or  rather,  indeed, 
ptttity  of  stmctore,  the  foregoing  figure  (Fig.  131)  is  given.  It  was 
etched  by  the  editor  on  the  coast  of  the  Bay  of  Naples,  where  one  of 
B  lavas  of  Yesuvins  has  come  down  to  the  sea.  The  lava  is  eight  or 
m,  to  fifteen  or  twenty  feet  thick,  and  shows  most  admirably  the  scori- 
BOW  npper  and  under  surface  (amounting  in  each  case  to  a  thickness 
inm.  one  to  three  feet),  and  the  central  solid  compact  portion. 

The  amount  of  fluid  lava  ejected  during  some  modern  eruptions  is 
noteworthy.  An  excellent  example  was  afforded  during  tiie  well- 
eruption  of  Skaptir  Jokul  already  cited,  in  which  floods  of  lava 
hallj  obliterated  some  valleys,  filling  up  goi^s  600  feet  deep  and 
M)  fteft  wide,  spreading  over  plains  15  miles  wide  with  floods  100 
ttft  deep,  the  terminations  of  some  of  the  lava  streams  being  90 
Bm  apart  Had  this  eruption  taken  place  in  the  south  of  England, 
1  the  hills  firom  the  neighbourhood  of  London  to  that  of  Gloucester 
^^jiA  have  been  capped  by  great  plateaux  of  basalt,  from  100  to  500 
P  eOO  feet  thick.* 

Aaoeiation  of  Siliceous  and  Basic  Lavas, — In  many  volcanic  regions 
tore  appears  to  be  an  alternation,  or  to  have  been  a  succession,  in  the 
iflEerent  products  ;  the  lavas  being  at  one  time  trachyte,  and  at 
Mother  dolerite.  It  was  formerly  supposed  that  the  trachyte  was 
Iwajs  the  lower  or  the  older  of  the  two,  and  that  flows  of  trachyte 
fct»  never  found  above  flows  of  basalt  or  dolerite.  Lyell,  however, 
Mm  shown  that  some  of  the  newest  lavas  in  Madeira  are  trachytic, 
Itat  they  cover  others  consisting  of  doleritic  compounds.     Bunsen,  in 

terr  formerly  cited,  in  speaking  of  the  trachytic  and  augitic  lavas  of 
d,  refers  their  origin  to  two  separate  volcanic  foci,  and  even 
Ipeaki  of  a  third  separate  volcanic  focus  for  the  intermediate  lavas, 
moa^  he  also  speaks  favourably  in  another  place  of  all  the  volcanic 
ipcks  arising  from  one  mass.     Durocher,  too,  in  his  essay  on  Com- 

Kive  Petrology,  referred  the  two  classes  of  igneous  rocks  of  all 
I — ^namely,  the  siliceous  and  the  basic — to  the  existence  of  two 
iq>anite  "  magmas "  below  the  crust  of  the  earth,  the  siliceous  or 
B^bter  floating  over  the  basic  or  heavier,  and  ejection  taking  place  from 
lae  or  the  other,  according  to  the  strength  of  the  impelling  force  ;  the 
ijection  of  the  lighter  therefore  generally  preceding  that  of  the 
keavier. 

The  identity  or  very  great  similarity  of  the  various  volcanic  pro- 
bets  in  all  parts  of  the  world,  seems  to  point  to  a  common  origin  for 
kem.  The  frequent  association  in  all  parts  of  the  earth  of  the  two 
peat  dasBes  of  these  products,  the  trachytic  and  doleritic,  seems  to 
that  thieir  difference  is  not  so  much  due  to  diversity  of  oii^,  ^ 

*  Bee  Ljren,  PHneipla  qf  Geology,  vol.  it  p.  62. 
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to  Mime  cause  'tondiiig  to  tegi^ate  the  one  from  the  oUier,  oat  of  t 
generallj  dilTuBcd  muaa.  The  ateouation  of  felstones  and  gieeDStonci 
•mong  the  traps  seenu  to  be  leproduced  in  that  of  trmchyte  and  dolniu 
among  the  lavas. 

Di/kit  and  Veint  of  Lamt. — Aa  the  tnp-rocka  abonnd  with  djhi 
and  veins  which  eeem  to  be  eometimes  die  mere  extensioiiB  of  tin 
mags  below  into  the  crericea  of  the  rocks  above  or  around  it,  some- 
times appfventlf  the  feeders  of  still  higher  overlying  masses,  » 
volcanoes  are  penetrated  in  every  direction  by  dykes  and  veins  of  com- 
pact lava,  serving  often  to  bind  together  or  to  support  the  otherwiN 
incoherent  materials.  We  must  be  aware,  although  we  cannot  Me  it, 
that  every  lava  stream  had  its  central  pipe  or  feeder  in  the  interior  it 
the  maaa  from  which  it  proceeds.  It  is  probable  that,  both  in  the  on 
of  traps  and  lavas,  the  size  of  the  feeders  often  bears  but  a  email  pn>- 
portion  to  the  mass  of  the  overlying  rocks  that  proceeded  from  them. 

It  is  not  absolutely  necessary,  in  the  case  of  lavas,  any  more  llus 
in  that  of  traps,  that  the  flow  of  lava  and  the  central  pipe  or  tttift 
should  remain  in  connection ;  for,  when  the  lava  ceased  to  be  impelled 
so  OS  to  flow  over  the  crater,  the  portion  left  in  the  funnel  would  aink 
down,  and  perhaps  ultimnlely  coniiolidate  at  a  considerable  diebinK 
below,  and  poswiMy  form  there  a  rock  considerably  differing  in  teitnn 
from  the  erupted  lava,  or  the  connection  might  be  severed  by  tlw 
succcsaire  explosions  of  the  volcano,  or  by  subsequent  denudation. 


Numerous  dykes  traverse  the  sides  of  the  great  valley  scooped  «rt  i 
of  one  side  of  Etna,  called  the  Val  del  Bove,  and  instances  ate  fig 
by  Walterehausen,*  of  veins  of  lava  traveraing  beds  of  toff,  both  v 
*  Id  hli  mignlfloent  vork  on  Etna. 
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lily  and  horizontally,  the  latter  ollen  splitldng  into  biruicationa  among 
lie  tnffi.  Ereiy  Tolcanic  diatrict,  whicli  haa  been  laid  open  by  denuda- 
ion,  exMbita  similar  &cla.  The  cliffs,  for  instance,  along  the  south 
out  of  Madeira,  vest  of  Punehal,  expose  numerous  dykea  traversii^; 
he  beds  of  tuff  exposed  therein.*  Fig.  132  exhibits  in  oae  cliff  por- 
ione  of  beds  of  lava,  some  of  tbem  columnar,  interstratified  nith 
abnlar  laminated  beds,  against  the  denuded  edges  of  which  pale  cream- 
oloored  beds  have  been  deposited  in  an  iuclined  position,  as  shown  in 
he  left-hand  comer  of  the  sketch,  with  two  grey  dykes  cutting  across 
heae  beds.     In  Fig.  133,  several  veins  or  dykes  of  a  hard  grey  lava 


From  t,  ikelcb  ■  taw  mllw  w 


t  ol  FoDCb*!  FolnC. 


cut  throngh  rudely  stratified  coarse  tuff  of  a  dull  red  colour,  some  of 
Oie  dykes  being  also  cut  by  similar  ones  of  more  recent  date. 

Szamples  of  Tolouioes.t — The  old  volcanic  lalands  or  Madein  and  St 
Btlena  haye  had  their  conea  ohlilerated  by  atmosphBric  erosion,  and  haxe  been 
deeply  cnt  into  by  the  sea,  ao  ai  to  be  girdled  with  lofty  vertical  cliffa  along  moit 
*(  llieip  lea-board. 

ftat  of  Tcnerifff.~W\tiai  I  paid  a  hasty  visit  to  the  aammit  of  the  Peak  of 
tatnSe  with  Captaia  Blackwood  and  Home  of  the  ofGcen  of  H.M.3.  "  Fly,"  in 
Mm]  1S42,  and  after  aacendiog  the  mounUin  to  the  height  of  about  9000  feet, 
*<>la  icroea  the  plateau  called  tha  "  Pumice  Plains,"  towards  the  aummit  cone 
^lich  riiea  from  one  comer  of  them,  I  waa  struck  by  the  aspect  of  the  circle  of 
bic4en  precipices  surrounding  tha  plateau.  The  ravinea  which  cnt  through  Uiat 
^nromiding  wall  ahow  the  outer  slope  of  the  mde  bads  composing  it,  and  the  not« 
1  fud  in  my  journal  re^ipecting  them  is  the  following  : — "  This  plein  ia  bounded 
■4  some  places  by  an  entire  wall  of  rock,  in  others  by  broken  and  craggy  hill,  ai 
tt  it  lud  once  been  the  interior  of  aome  enormoua  cone,  of  which  theae  were  oaly 
tte  mined  fragments."     On  subsequently  reading  Von    Bach's  account  of  tb« 

•  Flcnna  131  and  ISS  were  sketched  by  Hr.  Jukes  frem  tb*  deck  of  H.lLa.  "  Fly,'  when 

WHigelcas  in  aloDg  tUs  cout,  la  April  IMS. 
(  Writlm  by  Mr.  Jnkoa.  from  hi  ■  own 


k 
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Caimy  Uaadii  I  wm  greatly  mipriMd  to  find  tiist  1m  wippmed  tiih  ante 
waDf  "wltfa  its  oittwwd  doping  bedi,  to  hftTe  •oquind  ftt  hdfjbi  and  pootiBBtaj 
a  eentnl  action  of  deration  sabaeqnent  to  fhe  dapoaltkm  of  tha  bedi.  Sotel 
I  had  obaerrad,  there  was  no  warrant  for  audi  a  anppoaitMiL    It  «h  im,j^ 
deedf  that  the  whole  island  had  been  elevated  ainoe  the  lelosaie  adaa ' 
oommeneed,  becanae  I  had  seen  in  the  sides  of  »  ntvtoe  near  Santt  Orn^I 
tallj  and  regularly  stratified  beds  of  volcanic  sand  and  pebbki^  thil 
oertainl  J  to  have  been  arranged  under  water ;  *  bat  then  these  bedi 
horixontal,  proving  the  elevation  to  have  been  a  genefil  one,  liftiBg  tti 
mass  vertically,  without  tilting  the  beds  in  any  dirwtion. 

Island  of  Si.  Paul— We  subsequently  visited  the  little  vokside  ii 
St.  Paul's,  in  the  centre  of  the  South  Indian  Ocean,  dT  whidi  a  chart, 
1^  Staff-Commander  Evans,  was  afterwards  published  by  the  Adninltf. 
idand  is  three  or  four  miles  across,  with  »  flattopped  curved  lidge,  '^ 
high,  nearly  surrounding  a  dreular  crater,  into  which  the  sea  now  flam 
one  side,  and  whidk,  at  the  sea-levd,  is  slmost  halfni-mile  in  dismetar.  1 
the  summit  of  the  circular  ridge  the  islsnd  dopes  gentiy  down  towsrdi  ttii 
on  all  ddes,  except  the  east,  where  there  are  vertical  difls  fSnrmed  hf^^ 
having  cut  into  the  centre  of  the  original  ialand,  so  as  to  gain  acoM  H ' 
crater.  On  the  south  dde  of  the  entrance,  the  wall  bounding  Um  cntff' 
excessively  thin,  vertical  on  the  outside,  and  sloping  steeply  on  the  ivi^^ 
that  it  must  shortly  be  removed  entirely,  and  dl  that  side  of  the  enter  tf 
open  to  the  sea.  The  entrance  was  not  more  than  100  yards  wide,  oA  (Mf 
juAt  deep  enough  for  a  boat,  but  inside  there  was  a  dejith  of  30  fathoms  in  tkl 
centre  of  the  crater,  with  a  bottom  of  black  mud.  This  funnel-shaped  pool  <• 
surrounded  on  all  sides  but  one  by  the  ring  of  high  land  before  mentioD«it^ 
inside  slope  of  which  was  precipitous  near  the  top,  but  had  a  steep  tains  of  nMiv 
clothed  with  coarse  grass  below.  At  severd  parts  of  its  beach,  hot  fOKikjJI 
water  trickled  through  the  stones,  having  at  one  place  a  temperatiiTe  of  13S* "» 
and  at  another,  one  of  150°  F.,  while  the  temperature  of  the  water  in  the«^ 
both  at  the  surface  and  at  the  bottom,  was  precisely  that  of  the  sea  onW 
namely  64*  F.  (This  was  on  August  5th,  1842.)  A  bank  of  soundings  strrtdij 
off  the  entrance  to  the  crater,  on  the  eastern  side  of  the  islanil,  for  a  distaD«^ 
nearly  a  mile,  and  a  tall  detached  pinnacle  of  rock  rose  from  this  netf  "^ 
entrance  to  the  crater.  This  bank  was  evidently  the  base  from  which  the  w* 
that  once  surrounded  the  crater  had  been  removed,  by  the  sea  cutting  into  thj 
all  except  the  pinnade  above  mentioned.  The  island  seemed  wholly  coop"' 
of  dork  lava,  interstratified  with  beds  of  sand,  ashes,  and  blocks,  vATjisf  ^^ 
black  to  red  and  cream-coloured.  They  dipped  but  slightly  outwards,  •>■ " 
one  part  seemed  to  dip  inwards  or  towards  the  crater.  ^ 

Another  volcanic  island,  called  Amsterdam,  rises  some  sixty  miles  to  tlm**^ 
of  St.  Paurs,  these  being  the  only  spots  of  land  in  these  latitudes  h^*^ 
Africa  and  Austrdia.  ^^ 

Crater  of  the  Bromo, — In  November  1844  I  had  an  opportunity  of  ^i^ 
the  crater  of  the  Bromo,  in  Java.  This  is  in  the  centre  of  a  rugged  snd  '■^ 
narrow  plateau,  called  the  Teng'ir,  rising  in  some  parts  to  upwards  of  S^^JJ 
above  the  sea,  and  stretching  in  a  curved  line  between  the  noble  oopg* "  ^ 
Semiru  and  Arjuno,  so  as  to  include  the  beautiful  valley  of  Mdang  ^*^^ 
circuUr  sweep.  This  mountain  mass  is  all  volcanic,  its  extomd  parts  ^^l^^'^J 
chiefly  of  fine-grdned  dust  and  ashes,  enclosing,  however,  solid  crystafliB*  *J 
bdow.  Its  sides  are  furrowed  in  every  direction  by  ravines  with  nanW  n^ 
between  them,  the  whole  clothed  with  magnificent  forests  ;  tall  p«^ 
casuarinas  crestmg  the  ridges  up  to  a  height  of  6000  or  7000  feet 

*  ettel^a^1^.\u  Popular  PfcvriedG^oIofy. 
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ral  and  mock  nuMdra  ptrt  of  this  plateaa  is  a  crater  foar  or  five 
ounded  by  a  ring  of  precipices  varying  from  200  to  1200  feet 
mtre  of  this  great  crater  rises  a  cluster  of  minor  cones,  some  of 
lich  are  continually  belching  out  smoke  and  steam,  and  sometimes 
tones.  This  cluster  of  oones  forms  a  conical  hlU,  rising  in  the 
I  crater.  The  space  between  it  and  the  foot  of  the  surrounding 
is  often  more  than  a  mile  in  width,  and  is  covered  with  fine  sand, 
le  name  of  the  "  Laut  pasir  "  or  sandy  sea.  The  surrounding  wall 
ibroken,  for  we  had  to  ride  round  the  summit  of  one  side  of  it 
I  giddy  path,  in  order  to  take  advantage  of  a  sort  of  buttress-like 
r  mode  of  fallen  fh^^ents,  to  gain  access  to  the  interior,  and  on 
le  path  at  two  places  led  by  sharp  ziz-zags  up  the  side  of  the  pre- 
»aths  seemed  to  be  the  only  modes  of  communication  between  the 
utside  of  the  mountains,  some  of  which  are  places  of  great  resort 
aohytic,  sometimes  porphyritic,  lava  were  visible  in  the  face  of 
precipice,  which,  though  they  looked  horizontal  when  viewed 
)r,  probably  dipped  outside  down  the  mountain.  It  seemed  to 
ipossible  that  such  a  crater  as  the  one  I  have  here  described 
.  by  an  action  of  central  elevation.  On  the  other  hand,  looking 
ne  of  Semiru,  which  rose  a  few  miles  to  the  south-west,  it  was 
inly  required  the  upper  3000  feet  of  that  lofty  pile  to  be  removed, 
nto  the  air  or  undermined  and  engulphed  in  the  central  cavity  of 
»r  an  exact  repetition  of  the  Bromo  to  be  produced, 
truck  me  particularly  in  this  central  conical  group  of  confluent 
),  that  the  one  in  action  was  perfectly  smooth  and  regular  outside, 
gar,  while  those  that  had  shortly  ceased  to  eject  materials  showed 
progress  of  denudation  in  the  commencement  of  rain-gullies 
their  slopes.  Tliose  that  were  still  older,  as  proved  by  young 
nmenced  to  grow  on  their  flanks,  had  these  gullies  much  deeper 
that  they  began  to  show  narrow  ridges,  separated  by  small  ravines 
;he  summit,  like  the  ribs  of  a  half-opened  umbrella,  as  described 
&n  speaking  of  the  outer  slopes  of  the  greater  moimtains. 

>onnaiit,  and  Extinct  Volcanoes. — In  the  history  of  all 

Dleanoes  there  occur  periods,  of  greater  or  \eaa  duration, 

or  less  frequency,  in  which  the  activity  ceases.     The 

be  said  to  be  dormant  during  those  periods.     When  the 

Itogether  ceased  the  volcano  is  said  to  be  extinct     It  is, 

very  easy  to  decide  upon  the  entire  extinction  of  volcanic 

ly  place.     Vesuvius  was  evidently  dormant  during  all 

y,  down  to  a.d.  79.     The  Monte  Somma  is  part  of  the 

f  the  original  crater,  which  must  thus  have  been  dormant 

)0  or  700  years,  and  perhaps  much  longer.*     It  has  been 

nee,  with  greater  or  less  intervals,  two  of  the  greater 

130  and  167  years.     But,  at  a  distance  of  120  miles,  in 

Italy,  rises  Mount  Vultur,  a  volcanic  cone,  with  its  crater 

and  some  gaseous  exhalations  still  proceeding  from  it. 

seems  to  have  been  much  as  it  is  now  when  it  was  the 

ice  in  his  youth,  and  there  is  no  tradition  of  any  eruption 

;  really  an  extinct  volcano,  or  only  dormant  ? 

*8  Volcanoet,  2d  ediUon,  p.  215,  etc  t  Danbeny,  p.  185,  etc. 

2  A 


354  GEOLOGICAL  AGENCIES. 

To  come  a  little  nearer  home,  we  hare  in  the  Pny  de  D6me  diitrict 
of  central  France  groupa  of  volcanic  cones  and  craters,  with  streams  of 
lava  still  uncovered,  rough  and  scoriaceons,  some  of  these  running  neir 
the  bottom  of  existing  valleys,  others  cnt  through  by  these  valleys  and 
left  at  various  heights,  which  show  the  different  depths  to  which  the 
valleys  had  been  cut  while  the  volcanic  eruptions  were  going  on.  *  Beooit 
as  some  of  these  volcanic  cones  and  lava  streams  appear,  we  can  hardly 
look  upon  the  volcanoes  as  other  than  extinct,  and  as  having  been  so 
even  in  the  time  of  Cssear,  and  probably  long  before.  But  in  this  same 
region  there  are  volcanic  mountains  of  a  much  more  ancient  date,  sock 
as  the  Mont  Dor  and  the  Cantal,  the  lava  streams  from  which  now  fom 
plateaux  on  the  summits  of  the  hills,  while  their  craters  have  long  dis- 
appeared, and  only  the  basal  ruins  of  their  cones  remain.  These  mut 
have  been  extinct  before  those  of  the  Puy  de  Dome  chain  commeoesd 
activity,  yet  the  fact  that  the  latter  broke  out  in  the  neighbouihood  d 
the  Mont  Dor  shows  that  the  volcanic  force  had  been  only  donnaflt 
there.  These  great  periods  of  quiescence  in  volcanic  activity  give  ni 
a  lively  impression  of  the  length  of  time  required  for  the  piling  up  of 
a  great  volcanic  moimtain.  When  we  recollect  the  vast  bulk  of  Etas, 
the  summit  of  which  rises  to  a  height  of  10,872  feet  above  the  ses, 
while  its  bane  would  spread  over  one  of  our  smaller  counties,  and  that 
it  has  been  accumulated  by  the  slow  ejection  of  ashes  and  out-poorim  ! 
of  lava  streams,  one  of  which,  still  bare  upon  the  surface,  we  know  to 
have  flowed  more  than  2200  years  ago,t  we  can  only  look  upon  2000 
years  aa  but  a  small  portion  of  the  time  which  has  elapsed  since  ths 
commencement  of  the  process. 

The  well-known  valley,  called  the  Val  del  Bove,  which  has  h^fi 
scooped  out  on  the  side  of  Etna,  would  take  in  Vesuvius  and  Monts 
Somma,  and  almost  conceal  them  from  sight.  Yet  it  is  quite  possibk 
that  the  materials  removed  to  form  the  Val  del  Bove  took  as  long  • 
period  for  their  formation  as  Vesuvius  itself,  in  the  history  of  vhick 
intervals  of  quiescence,  varying  from  130  to  600  or  700  years  at  lessti 
are  known  to  have  ocrurred.  Yet  in  the  beds  on  which  part  of  Etna 
rests,  there  are  sea-shells  of  the  same  species  as  those  which  now  inhabit 
the  Mediterranean  ;  and  in  parts  of  Sicily  such  shells  occur  in  rocks  no* 
3000  feet  above  the  sea.  Tlie  mode  of  formation  of  the  great  volcanic 
cone,  which  has  been  reared  over  those  buried  remains,  gives  to  still 
existing  species  an  antiquity  of  enormous  duration. 

Qeographical  Dietribution  of  Volcanoes. — For  an  adequate 
idea  of  the  manner  in  which  active  and  extinct  volcanoes  are  distributed 
over  the  globe,  the  student  will  find  it  best  to  considt  a  special  mapi 
such  as  those  of  Mr.  Scrope  and  Dr.  Keith  Johnston,  already  referred 
to.     A  little  examination  of  the  map  will  show  him  that  all  volcanoes 

*  Se«  Mr.  Poulett  Scrope's  Vokanoa  of  Central  France,  2d  edition.         f  Daubeny,  p.  SSl 
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iher  on  kknds,  or  on  maritime  parts  of  oontinents,  or  near  some 
oi  inland  water ;  and  that,  while  there  are  isolated  Yolcanoes  or 
r  separated  gronpB  of  volcanoes,  yet  the  general  tendency  is 
Ifl  a  linear  arrangement  The  vast  Pacific  Ocean  is  girdled  with 
» or  less  continnoos  series  of  yolcanoes,  ronning  from  New  Zealand, 
fi  Friendly  Islands,  New  Qninea,  the  Sunda  and  Philippine  Mes, 
Mm  ;  thence  hy  the  Knrile  Isles  to  Kamtchatka,  and  across  through 
kntian  Islands  to  North  America ;  and  then  sonthwards  along  the 
m  borders  of  that  continent  to  the  farther  end  of  the  Andes.  In 
Uantic  and  Indian  Ocean  basins,  on  the  other  hand,  the  yolcanoes 
attered  at  wide  interyals  over  the  oceanic  area,  and  not  along  its 

'•  we  take  cognisance  of  the  extinct  yolcanoes,  and  of  the  still  older 
mponmeons  toap-rocks  (which,  as  we  have  seen,  are  ancient  volcanic 
>,  we  find  that  there  is  probably  no  great  region  of  the  earth's  snx&ce 
)  volcanic  activity  is  either  not  manifested  now,  or  has  not  been  mani- 
i  at  some  former  }>eriod.  So  far  as  geological  evidence  can  guide  ns, 
ive  no  reason  to  believe  that  there  has  ever  been  any  epoch  in  the 
s  history  when  volcanic  action  has  not  been  displayed.  The 
of  its  activity  have  constantly  shifted ;  the  same  region,  after  ages 
iescence,  has  again  been  disturbed,  and  again  has  lapsed  into  qui- 
ce.  But  though  it  has  moved  from  place  to  place,  it  has  never 
1  to  show  itself.  Nor  does  geological  evidence  lead  us  to  conclude 
^ere  has  been  any  diminution  in  the  activity  of  the  volcanic  forces 
g  the  past  history  of  the  earth.  It  is  quite  true,  as  Sir  William 
tton  haB  urged,  that  the  total  amount  of  energy  in  the  earth  has 
ised.  But  we  can  also  well  believe  that  volcanic  eruptions, 
gh  the  increased  resistance  of  a  thickened  crust,  may  be  fully  as 
^tous  in  their  effects  now  as  they  were  in  early  geological  times, 
^  (to  use  the  homely  simile  once  employed  by  Sir  WUliam  him- 
A  a  conversation  with  the  writer)  the  last  spurt  ejected  by  a  boil- 
^  of  porridge,  after  removal  from  the  fire,  may  be  as  large  or  larger 
^7  that  preceded  it  The  time  must  no  doubt  come  when  vol- 
'  ^mptions  will  become  weaker,  until  they  wholly  cease.  This 
^  Happen  whatever  be  the  nature  of  the  internal  changes  whereby 
'^c  action  is  excited,  whether,  with  Sir  H.  Davy,  we  assume  that 
^  to  be  induced  by  the  oxidation  of  unoxidised  metals,  or,  with 
^  S^logists,  by  the  expansive  and  explosive  effects  of  steam,  pro- 
^  by  tibe  access  of  water  to  still  highly-heated  fluid  portions  of 
^*^*8  interior.  The  secular  diminution  of  the  total  amount  of 
tf  fiom  which  volcanic  phenomena  arise  makes  it  certain  that 
K  phenomena  will  eventually  die  out  of  the  category  of  active 
%Jcal  causes. 
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CHAPTER   XX. 


UNDERGROUND  CHANGES  EFFECTED  UPON  ROCK& 


In  the  present  chapter  we  shall  direct  the  Btndenfs  attention  to  ih 
nature  and  cause  of  the  changes  which  are  wrought  upon  rocks  beloi 
ground  by  those  subterranean  forces,  of  which  we  have  now  studied  th< 
superficial  effects,  in  elevation  and  subsidence  of  land,  in  earthquake 
and  in  volcanoes.  In  the  section  of  this  Manual  devoted  to  Petiologr 
an  account  has  been  given  of  most  of  the  facts  of  which  we  have  nov 
to  consider  the  theoretical  explanation.  The  subject  may  be  conyeni^ 
ently  treated  under  the  following  subdivisions  : — 1.  Expansion  sm 
Contraction  of  Rocks.  2.  Foldings,  Contortions,  Fractures,  and  Cleavage 
of  Rocks.     3.  Metamorphism.     4.  Concretions  and  Mineral  Veins. 

1.  Expansion  and  Contraction  of  Bocks. 

That  portions,  at  least,  of  the  earth's  interior  are  in  a  state  of  in- 
candescence, and  that  other  portions,  if  not  actually  fluid,  must  be 
intensely  hot,  are  facts  of  which  proof  has  been  submitted  in  the  fore- 
going pages.  It  has  been  ascertained  experimentally  that  rocks  expand 
on  being  heated,  and  contract  on  cooling. 

Bischof  has  made  soiiie  important  observations  on  the  contraction 
of  igneous  rocks  as  they  pass  from  a  fluid  or  glassy  state  to  a  consoli- 
dated condition.*  He  experimented  on  basalt,  trachyte,  and  granite,  and 
got  the  followiiij]^  results  : — 


Volume  in  the  state  of  glass. 

In  crystalline  state. 

Basalt 

1 

0.9298 

Trachyte  , 

1 

0.9214 

Granite     . 

1 

0.8120 

In  the  fluid  state. 

In  crystalline  state. 

Basalt       . 

1 

0.896 

Trachyte  . 

1 

0.8187 

Granite     . 

1 

0.7481 

From  this  it  would  appear  that  granite  contracts  25  per  cent,  or  i 
quarter  of  its  volume,  in  passing  from  a  fluid  to  a  crystalline  statf 
and  16  per  cent  in  passing  from  a  glassy  to  a  crystalline  state.     Thes 

•  D'Archlac,  vol.  iii.  p.  698. 
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!^cU  mnit  ban  had  a  gnat  imporiaoM  "  wben  tbe  primary  gianit«s 
eie  fint  cooluq^,"  tayi  11  lyAichiac  ;  but  thdr  impoitanee  aeenu 
tl  greater  U>  geologista  who  are  ""■"■""■g  the  broken  and  contorted 
t^ut  on  the  fjimki  of  exiiting  granite  rbtinft,  and  tlie  phenomena  of 
bTuion  met  with  in  meh  utnationa.  * 

H.  Deville  f  and  H.  DeleMe  arrive  at  remits  lalher  difleroit  ftom 
■ehoTs,  and  the  latter  gives  the  following  table  ai  comprising  th« 
■its  within  which  the  seTersl  rocks  mentioned  contract  on  paaaing 
>■  a  fluid  to  a  solid  state. 

Oranlte,  leptjiiiUB,  qnartnteiHu  poipbfiies,  etc  9  to  10  per  cant. 

8jt«nitk  gnnitit  sod  tTCoita  8  to  B         „ 

qnsit^  hiring  s  bxe  nt  ortbon,  digoclMV, 


Dioritea  and  poipbyritic  dioritae  (grecDstoDM)  41  ta  S 

IMsFlijrra G  to  7 

Batslts  and  trsefaTtai  (old  Toleanic  tucks)  .  3  to  5 

I^Tsa  (Toleank  and  Titnoiu  roclu]  0  to  1 

IL  Delesse  sams  np  hia  resalla  as  follows  : — 

"  When  rocks  pan  from  a  crystalline  to  a  glassy  State,  they  suffer  a 
Dunution  of  density  which,  all  things  being  eqnal,  appears  to  be 
Vater  in  proportion  to  the  quantity  of  silica  and  alkali,  and,  on  the 
■diuy,  less  in  proportion  to  that  of  iron,  lime,  and  alumina,  which 
ttj  contain.  In  arranging  the  rocks  in  the  order  of  their  diminution 
'  dnuity,  those  which  we  regard  as  the  more  ancitnt  are  generally 
Mrag  thejErif,  while  the  more  modem  are  the  latUr ;  and  in  each  case 
nir  order  of  diminution  of  density  is  almost  exactly  the  inverse  of 
tair  order  of  fosibility."  M.  D'Arcbiac  remarks  that  if  granite  con- 
keta  on  coolinf;  only  10  per  cent,  and  that  there  be  a  thickness  of 
D^OOO  metres  of  it  in  the  crust  of  the  globe,  crystaUisatioii  alone 
nold  diminish  the  terrestrial  radius  at  least  1430  metres,  and  conse- 
■Imtly  alter  the  form  and  rapidity  of  rotation  of  the  earth.  Such 
icealations  an  practically  useful  only  in  a  negative  sense,  as  showing 
W  great  improbability  of  anything  like  a  shell  of  40,000  metres 
aviog  cooled  and  consolidated  at  once  in  the  crust  of  the  earth  during, 
'•  all  events,  any  of  the  known  geological  epochs. 

According  to  some  experiments,  made  in  America,^  to  ascertain  the 
■noont  of  expansion  and  contraction  in  different  kinds  of  building- 
Hmea,  caused  by  variations  of  temperature,  it  was  found  that  in  fine- 
■ained  granite  the  rate  of  expansion  wait  -00000482&  for  every  degree 
*  ••■•  doubt  hu  neaiWj  beta  cut  npoa  Uum  mulU,    Be*  D,  ForbM,  Cikmfail  Htm, 

1.  IM.    Quoted  1>j  Li«U,  PrlmtiAu, 
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Fahr.  of  increment  of  heat,  in  white  cijBtalline  marble  it  wai 
*000005668,  and  in  red  sandstone  -000009632,  or  abont  twice  ai 
much  as  in  granite.  If  this  ratio  of  expansion  should  be  established 
for  underground  rocks, "  a  mass  of  sandstone,  a  mile  in  thiclmflM^ 
which  should  have  its  temperature  raised  200**  Fahr.,  would  lift  • 
superimposed  layer  of  rock  to  the  height  of  10  feet  aboye  its  former 
leveL"  ''  But,**  continues  Sir  Charles  Lyell,  from  whom  these  remuti 
are  quoted,  '*  suppose  a  part  of  the  earth's  crust,  50  miles  in  thicknesi^ 
and  equally  expansible,  to  have  its  temperature  raised  600^  or  800*» 
this  might  produce  an  elevation  of  between  1000  and  1500  feet  The 
cooling  of  the  same  mass  might  afterwards  cause  the  overlying  rocb 
to  sink  down  again  and  resume  their  original  position.  By  such  agency 
we  might  explain  the  gradual  rise  of  part  of  Scandinavia,  or  the  sub- 
sidence of  Greenland."  * 

2.  Foldings,  ContortionB,  Fraotures,  and  Cleavage  of  Bocks. 

The  manner  in  which  rocks,  originally  horizontal,  have  been  plicated 
on  the  great  scale,  contorted  on  the  small  scale,  fractured,  displaced,  and 
cleaved,  has  been  described  in  Chapters  VII.,  VIII.,  IX.,  and  X.  These 
changes  are  obviously  the  result  of  those  subterranean  movements  which 
have  been  considered  in  Cliapters  XVIL,  XVIII.,  and  XIX  We  are 
now  to  inquire  whether  any  law  or  mode  of  operation  can  be  dete^ 
mined  according  to  which  these  changes  are  brought  about 

That  the  contortion  of  rocks  is  due  to  lateral  pressure  was  long  a^ 
proved  experimentally  by  Sir  James  HalL  A  little  reflection  will 
show  us  that  if  the  bulk  of  the  globe  is  slowly  diminishing  from  secuUr 
refrigeration,  the  result  must  necessarily  be  the  contortion  of  the  rigid 
inelastic  outer  portion.  Or,  if  an  extensive  subsidence  takes  place,  con- 
tortion must  necessarily  accompany  it  As  Mr.  J.  M.  Wilson  has  tersely 
expressed  it,  "  Contortions  are  the  inevitable  result  of  the  subsidence  of 
a  curved  surface."'!'  "^^  problem,  however,  is  much  complicated  in  any 
given  example  by  the  great  variations  in  the  structure  of  the  earth's 
crust,  and  the  diversities  of  the  resistance  offered  by  different  rocks. 
We  may  be  confident  that  the  crumpling  of  a  great  belt  of  rocks  could 
only  be  brought  about  by  the  subsidence  of  a  large  area,  the  immense 
weight  of  which,  as  it  sank,  squeezed  and  contorted  the  rocks.  Yet 
the  local  amount  of  contortion  may  have  been  continually  modified  by 
the  texture  and  structure  of  the  rocks  themselves.  Contortions,  on  a 
minor  scale,  have  often  been  produced  by  merely  local  causes,  such  as 
the  falling  in  of  the  roof  of  some  subterranean  cavity,  or  the  intrusion 
of  igneous  rock. 

Fractures  must  frequently  accompany  contortion.     But  it  is  a  fact 

•  Lyell,  loc.  eU,  f  Geol.  Mag.  v.  p.  20«. 


CAUSE  OF  FAULTS. 


359 


t,  as  a  role,  a  much  contorted  region  is  not  also  greatly  faulted  ;* 
lie,  on  the  other  hand,  a  district  which  is  much  faulted  is  conunonly 
tty  free  from  contortions.  There  must,  therefore,  he  some  kind  of 
tosition  hetween  the  two  operations,  hy  which  contortion  and  faulting 
produced.  If  the  suheidence  of  a  curved  surface  must  inevitably 
duce  contortions,  then  its  elevation  must  give  rise  to  fractures  and 
Its.  **  FaulU^  to  quote  again  from  Mr.  Wilson's  excellent  little 
)er, ''  are  the  inevitable  result  of  the  eleccUion  of  a  curved  surface." 
itead  of  having  to  go  into  less  space,  as  in  subsidence,  rocks,  when 
vated,  have  to  occupy  more  room  ;  and  as  they  are  not  elastic,  they 
I  only  do  so  by  a  system  of  cracks.  Those  fractured  pieces  whidi 
broader  at  the  bottom  will  rise  farther  than  the  other  pieces  which 
re  a  narrower  base,  or,  in  other  words,  the  latter  will  sink  relatively 
the  former.t  Hence  the  dip  or  hade  of  a  fault  must  be,  as  we  have 
n,  in  the  direction  of  the  area  which  has  sunk,  or  away  from  that 
ich  has  risen.  As  in  the  case  with  contortion  on  a  minor  scale,  so 
th  the  numerous  small  faults  met  with  in  strata,  we  must  often  take 
o  account  local  causes  as  sufficient  to  account  for  them,  though  the  gene- 
law  holds  true  that  the  great  faults  are  due  to  elevatory  movements. 

Mr.  Wilson  has  examined  this  question  mathematically,  and  it  may  be  nsefiil 
gjve  here  the  conclusions  at  which  he  has  arrived.  He  says: — "  The  following 
the  results  I  have  obtained,  on  the  supposition  that  a  circidar  area  of  the  earth's 
faoe,  whose  diameter  subtends  an  angle  of  2  ^  at  the  centre  of  the  earth,  is 
vessed,  so  as  to  maintain  a  spherical  form  (of  course  a  portion  of  a  larger 
lere)  to  a  depth  of  (a)  miles  in  the  centre  of  the  depressed  region.  The  calcu- 
on  nuiy  be  relied  on  as  true  within  a  few  yards. 

Table  op  Ck>MFRE8SiON  in  Yabds, 
For  an  arc  of  2  9,  depressed  to  a  depth  of  a ;  radius  =  4000  miles. 


d=5<» 

^=10° 

d  =  20« 

^=40<» 

a  =  1  mile  .     . 

121 

211 

354 

800 

a  =  2  miles .     . 

189 

408 

745 

1625 

a  =  4  miles .    . 

355 

788 

1584 

8214 

a  =  8  miles .    . 

598 

1527 

3213 

8529 

Linear  distance  1 
across  de-       > 
pressed  area   ) 

345  miles 

690  mUes 

1880  mUes 

2760  miles 

•4 


The  inspection  of  this  table  will  show  that  the  known  rising  and  sinking  of 


'  Unless,  of  eonrse,  it  has  been  exposed  to  disiiirbanes  after  the  eontortion.  The  remarks 
M  text  refer  to  large  powarfol  faults.  t  Bee  aiU<,  p.  812,  and  Wilson,  loe.  ei(« 
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larg^  areas  of  the  earth's  surface  is  adequtUe  to  produce  much  compressioii  ind 
extensive  faults.  But  this  table  can  be  made  to  yield  acme  other  important 
results.  When  the  geological  structure  of  a  country  is  pretty  well  known,  tin  , 
avumrU  of  contortion — i.e.  the  difference  between  the  direct  distances  of  tuo 
distant  points,  (1)  measured  along  a  circular  arc,  (2)  measured  along  strata, — maj 
be  approximately  known.  And  if  this  contortion  appears  not  to  be  due  to  tibi 
intrusion  of  local  igneous  rocks,  and  does  appear  to  he  due  to  depression,  we  get 
a  means  of  calculating  to  what  depth  the  strata  sank  when  those  contortions  vei 
being  produced."  * 

It  may  seem  paradoxical,  yet  on  reflection  will  be  found  to  be  tine, 
that  depression  may  be  actually  the  origin  of  elevated  mountain  chains. 
If  the  resistance  offered  by  the  superincumbent  descending  mass  be  lesB, 
as  we  might  expect,  than  that  offered  by  the  stationary  parts  of  the 
earth's  crust  on  either  side  of  the  subsiding  area,  the  enormous  presBOie 
will  tend  to  relieve  itself  by  the  rise  of  any  tract  or  belt  of  countiy  whew 
the  amount  of  resistance  is  least  It  is  a  fact  that  mountain-ranges  usually 
consist  of  crumpled  and  contorted  rocks. 

Cleavage  has  been  described  in  Chapter  X.,  and  referred  to  the 
action  of  lateral  pressure  upon  rocks.  This  pressure  must  often  arise  in 
the  course  of  those  movements  of  upheaval  and  subsidence,  which 
have  been  referred  to.  When  the  rocks,  enormously  compressed  from 
two  sides,  cannot  get  suflicient  relief  by  fracture  or  crumpling,  their 
component  particles  arrange  themselves  with  their  longer  axes  at  right 
angles  to  the  direction  of  compression.  Hence  a  new  fissile  structme  v 
developed.  A  similar  structure  may  be  artificially  produced  by  pressure 
upon  wax,  clay,  etc.t 

8.  Metamorphism. 

In  the  Classification  of  Rocks,  given  in  Chapters  IV.  and  V.,  i 
distinct  series  was  described  under  the  title  '' Metamorphic  Rocks,* 
that  is,  rocks  which  had  been  altered  or  "metamorphosed"  from  their 
original  condition  into  one  quite  different.  Again,  in  Chapters  X, 
XII.,  and  XIII.,  further  allusions  to  and  descriptions  of  metamoiphic 
rocks  and  metamorphism  required  to  be  given.  We  have  now,  howerer, 
to  look  more  in  detail  at  the  nature  of  the  process  or  processes  by  which 
the  alteration  or  metamorphism  has  been  produced. 

Cliemists  are  accustomed  to  speak  of  metamorphic  changes  as  pro- 
duced by  one  of  two  modes — 1st,  In  the  dry  way,  and  2d,  in  the  wet 
way.  In  the  former  we  have  to  consider  the  effects  of  heat,  either  in 
fusing  rocks  and  producing  new  chemical  reactions  within  them,  or  in 
hardening  them,  and  inducing  within  them  some  texture  or  structoie 
different  from  what  they  had  before.  The  contact  of  an  intrusive 
igneous  rock  with  sandstone,  shale,  limestone,  coal,  etc,  is  an  instance 
of  the  production  of  metamorphism  in  the  dry  way.]!     In  the  wet  pro- 

•  J.  M.  Wilson,  Giol  Mag.  v.  p.  207.  t  See  antt,  p.  223. 
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eess  we  see  how  water,  either  with  or  without  a  high  temperature,  and 
ehai^ged  with  alkaline  or  other  re-agents,  has  removed  some  elements 
from  rocks  and  deposited  others  in  their  place.  The  conversion  of 
eommon  limestone  into  dolomite  is  an  illustration  of  this  process. 
This  division,  however,  is,  after  all,  somewhat  arbitrary,  for  even  in 
the  so-called  dry  way,  water  or  steam  may  often  play  an  important 
part ;  while,  on  the  other  hand,  the  action  of  heated  gases  and  vapours 
eoold  hardly  be  properly  placed  under  either  of  the  two  methods. 
We  shall  better  describe  the  nature  of  metamorphism  if  we  term  it  a 
"ptoceas  wherein  heat  and  chemical  action  in  many  various  ways  have 
gradually  changed  the  internal  texture  and  composition  of  rocks. 

Paeodomorpliic  MetamorpMBm. — An  attentive  study  of  what  takes 
place  upon  the  rocks  at  or  near  the  surface  enables  |  us  to  realise  in 
some  measure  the  metamorphic  changes  which  must  be  going  on  at 
greater  depths.     Rain-water  falls  to  the  earth  nearly  in  a  state  of 
chemical  purity,  though  it  does  contain  minute  quantities  of  carbonic 
acid,  and  other  substances  found  in  the  atmosphere.     When,  however, 
after  sinking  into  the  earth,  the  water  rises  again  in  the  form  of  springs, 
it  is  no  longer  pure,  but  always  holds  a  greater  or  less  amount  of  mineral 
matter  in  chemical  solution.    The  carbonic  acid  which  the  rain  abstracts 
from  the  atmosphere,  and  still  more  from  the  vegetable  mould  through 
which  it  sinks  underground,  enables  the  water  to  re-act  upon  the  rocks 
underneath.     It  extracts  from  them  such  substances  as  are  either  soluble 
in  water  alone,  or  in  water  containing  carbonic  acid.    "  These  substances 
enable  the  water  to  eflfect  further  decompositions,  or  to  give  rise  to 
new  formations,  on  its  penetrating  deeper.     But  this  action  does  not 
consist  merely  in  forming  a  solution  of  some  of  the  mineral  substances 
existing  in  rocks,  but  also  in  producing  the  decomposition  of  silicates 
by  the  aid  of  the  carbonic  acid  in  the  water.     Not  only  do  rocks  lose 
more  or  less  of  their  constituents  by  the  action  of  water,  they  also 
•offer  changes  in  their  composition.     The  knowledge  of  these  changes, 
tnd  their  laws,  constitutes  the  basis  upon  which  chemical  geology  must 
be  founded,**  and  forms  the  groundwork  of  all  proper  study  of  meta- 
morphism.* 

The  replacement  of  one  mineral  by  another,  owing  to  the  chemical 
action  of  percolating  water,  while  the  original  form  of  the  crystal  or 
mass  is  retained,  has  been  already  referred  to  under  the  name  of 
jMeudamcrphism.f  It  is  this  replacing  action  which  is  concerned  in  the 
process  of  petrifaction;  and  perhaps  a  more  vivid  idea  of  this  kind  of 
metamorphism  may  be  gained  by  the  beginner  from  an  examination  of 
petrified  animal  and  vegetable  structures  than  from  that  of  inorganic 
sabstances. 

Petrijactton, — Living   animals   and   plants,    by   means   of   their 

*  Buclioi;  Chtmieal  Geology,  toI.  L  p.  63.  t  S«e  anti,  p.  60. 
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fluicU,  take  up,  and  convert  into  their  own  substance,  silica,  lime, 
magnesia,  soda,  potash,  phosphorus,  carbon,  iron,  etc  This  they  do 
in  obedience  to  the  organic  forces,  those  chemico-biological  actioDS, 
the  assemblage  of  which  we  call  lift.  When  life  no  longer  exists,  and 
its  forces  cease  to  act,  the  substamces  of  animals  and  plants  become 
obedient  to  inorganic  laws,  and  their  mineral  portions  are  acted  oa 
just  in  the  same  way  that  other  mineral  matters  are  affected.  Wood 
may  either  lose  certain  proportions  of  its  constituents,  and  become 
more  and  more  carbonised,  or  it  may  lose  the  whole  of  them  particle 
by  particle,  and  as  each  little  molecule  is  removed,  its  place  may 
be  taken  by  a  little  molecule  of  another  substance,  as  silica,  or  iron 
pyrites,  and  it  may  thus  become  entirely  silici/ed  or  pyritised.  Bones 
and  shells,  and  other  hard  parts  of  animals,  consisting  mainly  of 
phosphate  and  carbonate  of  lime,  may,  in  like  manner,  have  the  pro- 
portions, or  the  state  of  aggregation,  of  their  constituents  altered  more 
or  less  completely,  or  may  have  their  substance  gradually  but  entirely 
replaced  by  another  substance,  more  or  less  different  from  the  fonner. 
In  this  way,  parts  consisting  originally  of  carbonate  of  lime  may  either 
have  the  organic  cellular  structure  obliterated  by  assuming  a  crystalline 
structure,  or  may  become  embedded  in  a  crystalline  covering  of  car- 
bonate of  lime,  or  that  mineral  may  be  converted  into  sulphate  of  lime, 
or  replaced  by  silica,  iron  pyrites,  or  other  substances,  the  cellulsr 
structure  being  in  each  case  either  preserved,  or  partially  or  entirely 
obliterated. 

Tlie  student  will  And  in  the  great  work  of  Bischof  a  storehouse  of  facts  in  ths 
hranch  of  geology.  The  following  extracts  will  show  the  nature  and  value  of  hit 
researches  : — "  Stein  converted  a  crystal  of  gypsum  into  carbonate  of  lime  by 
leaving  it  for  several  weeks  in  contact  with'a  solution  of  carbonate  of  soda,  it  t 
temperature  of  122°  F."  The  sulphuric  acid  of  the  gypsum  united  with  the  loda 
to  form  sulphate  of  soda,  which  was  dissolved  and  carried  away  by  the  water,  and 
the  lime  united  with  the  carbonic  acid.  **  All  the  stris  upon  the  curved  surfMC* 
of  the  crystal  were  perfectly  retained,  as  well  as  the  cleavage  in  the  direction  of 
the  T-planes.  In  these  artificial  pseudomorphic  processes,  the  form  of  the  original 
substance  is  retained  only  under  certain  conditions,  the  most  essential  being  slow 
action  ;  and  the  same  holds  good  in  nature.  If  these  conditions  are  not  fuIfiUed, 
the  original  form  is  lost" 

"In  the  analysis  of  a  mineral  in  which  changes  have  already  commenced, 
especially  by  the  addition  of  new  constituents  in  very  minute  quantities,  it  is  not 
unlikely  that  they  may  be  considered  as  accidental  and  deducted.  Since,  however, 
alterations  seldom  take  place  merely  by  addition,  but  more  frequently  by  lots  of 
constituents,  it  is  likewise  requisite  that  the  quantities  lost  should  be  added  to  the 
analjrtical  results. 

'*  There  are  sufiBcient  grounds  for  considering  andalusite  to  be  a  pure  silictte 
of  alumina,  although  previous  analyses  have  pointed  out,  besides  these  two  essen- 
tial constituents,  potash,  lime,  magnesia,  oxides  of  iron  and  manganese,  and 
water.  Andalusite  is  converted  into  mica,  in  which  change  a  part  of  the  alumina 
is  removed ;  potash,  magnesia,  and  peroxide  of  iron,  being  introduced  into  its 
place.     One  of  these  bases  is  always  found  in  andalusite,  sometimes  several  of 
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logetber ;  and  it  maj  therefore  be  inferred  that  tliis  mineral,  as  ntnally  met 
is  alreadj  in  a  itate  of  incipient  alteration.  No  other  alteration  of  andalusite 
»wn  beaidee  that  into  mica,  except  that  into  steatite.  The  latter  change  pre- 
«ea  not  only  a  partial  bnt  a  complete  disappearance  of  the  alumina,  and  its 
MBoent  by  magnesia.  These  examples  will  suffice  to  show  the  importance  of 
dmite  quantities  of  substances  present  in  minerals,  and  generally  considered 
BldentaL  These  substances,  which  are  troublesome  to  tibe  chemist,  because 
snot  introduce  them  into  the  chemical  formula,  acquire  significance  when 
Mied  with  the  constituents  of  the  pseudomorphs  resulting  fh)m  the  alteration 
•  mineral  in  question.  They  then  no  longer  appear  as  accidental,  but  indicate 
fenisition  of  one  mineral  into  others,  and  lay  before  us  clearly  the  greater  part 
»•  ooDTersion  process. 

*&  is  possible  that  ssTeral  changes  may  firequently  have  taken  place  before 
bit  product  was  formed.  In  the  alterations  of  complex  minerals,  especially 
ibi  containing  sereral  bases,  there  are  certainly  transitions  in  most  cases,  and 
iliaies  a  long  series.  Thus  Gordierite*  is  the  starting  point  of  a  whole  series 
ihntions,  finally  ending  with  Mica ;  while  Fahlunit^  ChlorophyUite,  Bons- 
1^  Eimarkite,  Weissite,  Praseolite,  Oigantolite,  and  Finite,  are  remains  of 
Unite  in  pseudomorphic  conditions.  Inasmuch  as  the  minerals  between 
Kerite  and  Mica  are  only  transition  products,  they  cannot  be  regarded  as 
Moal  species."! 

'Pwudomoiphs  Aimish  us  with  a  kind  of  knowledge  which  we  have  no 
rtvnity  of  deriving  from  any  other  source.  It  will  scarcely  ever  be  possible 
overt  augite,  olivine,  or  hornblende,  etc.,  into  serpentine,  in  our  laboratories. 
when  we  find  serpentine  in  the  form  of  these  minwals,  this  fact  is  a  sufficient 
Doe  that  such  a  convenion  can  take  place  ;  and  if  in  any  given  instance  there 
eognostic  reasons  for  the  opinion  that  one  or  other  of  these  minerals,  or  even 
al  together,  have  furnished  the  materials  for  the  formation  of  serpentine, 
is  a  high  degree  of  probability  that  such  a  change  has  actually  taken  place. 
If  a  crystalline  mineral  can,  under  certain  conditions,  be  converted  into 
»er,  whether  with  or  without  retention  of  form,  then  the  same  mineral  in  an 
phous  state  would  certainly  suffer  the  same  change  when  placed  in  the  same 
nstanoes."  From  this  he  shows  that  amorphous  masses  of  serpentine  may  be 
)d  from  amorphous  masses  of  augite,  etc.,  and  also  that,  in  some  instances,  the 
lal  form  of  a  crystalline  mineral  may  be  destroyed  together  with  its  substance, 
he  new  mineral  occur  in  its  own  cxystalline  form.     He  concludes  the  subject 

Tlie  importance  of  the  pseudomorphic  processes,  and  the  error  of  those  who 
i  them  as  having  but  little  connection  with  the  changes  of  rocks,  is  suffi- 
ly  shown  by  the  total  disappearance  of  previously  existing  substances  in 
I  consider  that  the  entire  removal  of  fluor  and  calc  spar  from  a  whole  series 
ins,  and  the  introduction  of  an  equal  quantity  of  quartz  in  their  place,  is  a 
a*  of  vast  importance.  To  what  enormous  spaces  of  time  do  we  come  when 
fleet  upon  the  periods  during  which  the  fluor  and  calc  spar  were  introduced 
lieee  fissures,  and  then  the  periods  during  which  they  were  again  removed  by 
,  and  quartz  substituted  in  their  place  !  And  yet  this  happened  after  the 
(tkm  of  the  rocks  in  which  these  fissures  occur.  If  we  imagine  similar  pro- 
t  to  have  taken  place  in  the  rocks  themselves,  and  extending  over  not  only 
periods  but  the  entire  space  of  time  since  their  formation,  we  shall  be 


Sofdlerf te  is  a  mineral  composed  of  a  silicate  of  alumina,  combined  with  two  atoms  of 
eoTiuafBaria. 

r  ftuilwr  weO-eonsidered  researches  establish  these  conolnsions,  it  will  have  a  won- 
.  te  siaqAUying  tbe  importaot  science  of  mineralogy,  and  tu  applying  Via  TeauWa 
ct  various  iOndMafrveJu, 
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compelled  to  admit  that  inconceivably  stupendona  changefl  have  taken  pUoi. 
After  such  considerations,  the  conversion  of  extensive  masses  of  rock  by  the  actifla 
of  water  alone  into  steatite,  talc,  serpentine,  kaolin,  etc,  cannot  appear  in  tbi 
slightest  degree  Btrange."* 

By  these  psendomorphic  processes  large  mountain  masses  of  limestone  hsTi 
been  converted  into  dolomite  ;  and  not  merely  has  the  composition  of  the  rock  beoi 
changed,  but  its  texture  also,  and  even  all  trace  of  stratification  has  been  oblitenSed. 
Some  wonderful  illustrations  are  furnished  by  mountains  of  the  Eastern  Alps. 

Influence  of  Pressure  on  Metamorphism. — ^We  can  imitate  in  the 
laboratory  a  number  of  the  metamorphic  changes  which  take  place  in  nature. 
Yet  the  latter  have,  as  a  mle,  been  produced  under  ciiciunstances  whk^ 
we  cannot  cominaud.  There  is,  as  Bischof  has  pointed  out,  the  element 
of  time.  Many  of  the  changes  are  so  infinitesimally  small  and  gradnali 
that  we  cannot  hope  to  reproduce  them.  Again,  they  have  often  takn 
place  under  the  pressure  of  hundreds  and  thousands  of  feet  of  saper- 
iucumbent  rock.  The  influence  of  pressure  in  modifying  chemieil 
re-actions  was  long  ago  pointed  out,  for  the  first  time,  by  Hutton,  and 
experimentally  proved  by  Hall.t  When  limestone  is  heated  sufficiently 
iu  a  kiln  or  fire  it  parts  with  its  carbonic  acid.  But  Hall  showed  thit 
if  tlie  same  heat  is  applied  under  great  pressure,  the  rock  may  be  ooa- 
verted  into  a  crystalline  marble,  or  even  fused  without  the  loss  of  its 
carbonic  acid.  He  argued,  therefore,  that  the  effects  which  heat  pro- 
duces upon  rocks  at  great  depths  may  be  very  different  from  those 
which  it  oixlinarily  produces  at  the  surface. 

Influence  of  Heated  "Water. — All  rocks  are  more  or  less  permeable 
by  water,  and  water  circulates  through  the  rocks,  at  least  as  deep  as  man 
has  lx»en  able  to  i>enetrate  into  the  crust  of  the  earth.  We  have  seen 
that  the  temperature  increases  regularly  as  we  descend  beneath  the 
surface.  Hence,  at  no  great  depth,  the  rocks  must  be  traversed  hy 
warm  water,  a  condition  most  favourable  for  chemical  changes.  It  is 
not  necessary,  however,  for  the  accomplishment  of  such  changes  that 
the  temperature  should  be  very  high.  Mr.  Sterry  Huntt  argues,  that 
from  the  occurrence  of  graphite  or  unoxidised  carbon  in  the  metamo^ 
phic  schists  of  Cantida,  the  heat  could  never  have  been  very  intense,  oir 
at  all  approaching  the  melting  point  of  the  silicates.  He  shows  that 
water  at  212°  F.,  containing  solutions  of  alkaline  carbonates,  would  be 
sufficient  for  the  solution  even  of  silica,  and  the  decomposition  of  sili- 
cates and  the  formation  of  garnet,  epidote,  and  chlorite,  and  other  silicates 
of  lime,  magnesia,  and  iron; 'and  that,  if  the  temperature  were  raised 
to  480°,  it  might  suffice  for  the  production  of  chiastolite,  staurolite,  etc, 
and  felspathic  and  micaceous  silicates  generally.  Such  temperatnrei 
may  readily  be  supposed  to  be  imparted  to  portions  of  the  earth's 

•  Bischof,  Op.  eU.  vol.  i.  chap.  il. 

t  See  the  Theory  oj  the  Earth,  vol.  i  chap.  i. ;  and  Trans.  Roy.  Soc  Edin.t  voL  vL  p.  Ww 
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sr  locally,  by  the  intrcuiaii  of  granite,  or  over  wider  areaff, 
part  of  wliat  may  now  be  the  sniface  was  as  deep  as  from 
20,000  feet  below  the  sni&ce. 

rtion  of  Foliated  Bocks  bj  Metamorphism.— r-Foliation  has 
idy  (Chapter  X.)  described  as  a  texture  saperinduced  upon 
rocks,  the  lines  of  lamination  or  of  cleavage  having  been 
>y  a  re-arrangement  and  crystallisation  of  the  ingredients  in 
Lia.  That  this  is  not  the  original  condition  of  the  rocks,  but 
"phic  one,  is  shown  by  the  intercalation  of  unaltered  or  but 
ed  beds  of  grit,  greywacke,  or  sandstone,  and  by  the  occurrence 
remains,  sometimes  in  the  foliated  rocks,  sometimes  in  the 
ks  and  limestones  between  and  beneath  them.  In  foliation, 
als  (chiefly  felspar,  quartz,  and  mica,  talc  or  chlorite)  have 
in  different  layers,  which  alternate  with  and  merge  into  each 

h  we  can  conceive  theoretically  how  a  mass  of  stratified  rock, 
ier  later  formations  and  depressed  to  a  great  depth,  so  as  to  be 
thin  the  action  of  subterranean  heat,  may  undergo  great  internal 
ifl  not  perhaps  very  easy  to  follow  the  various  steps  of  the  pro- 
tin  the  different  minerals  were  separated  into  distinct  folia.  We 
in  mind  that  there  were  necessarily  original  differences  in  the 
»n  of  the  various  strata  which  have  been  foliated.  Some  were 
ions,  others  more  argillaceous,  others  more  calcareous.  So  that, 
e  process  of  metamorphism  went  on  uniformly  over  the  whole 
rata,  some  beds,  being  much  more  easily  acted  on  than  others 
alkaline  water  (or  other  metamorphic  agent),  would  undergo 
change.  But  in  all  probability  the  metamorphic  process  was 
miform  in  its  operation.  The  rocks  would  differ  from  each 
ieir  conductivity  of  heat  and  in  their  perviousness  to  water, 

quantity-  of  water  passing  through  them  may  have  been 
and  without  relation  to  the  relative  capacity  of  the  different 
iceive  it. 

ears  that  foliation  is  the  result  of  a  long  series  of  reactions, 
hese  have  been  chiefly  carried  on  by  heated  water  charged 
ine  solutions.  We  have  seen  that  foliation  coincides  either 
ification  or  with  cleavage.  The  water,  in  short,  followed  the 
ced  lines  of  division  of  the  rocks,  and  flowing  or  percolating 
e  lines  decomposed  the  substance  of  the  rock,  dissolving  and 

some  minerals  and  re-depositing  others.  Purely  siliceous 
Id  be  litUe  liable  to  change  from  this  source  ;  hence  we  find 
of  grit  or  sandstone  among  mica-schists  still  comparatively 
I  (see  Fig.  66),  and  the  bedding,  and  even  the  worm-burrows 
e-marks  on  quartz  rock,  still  remain.  But  in  argillaceous 
h  for  instance  as  were  formed  from  the  waate  ot  otYiet^  m 
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which  felspar  was  a  main  constituent,  the  conditions  for  altentioQVcn 
eminently  favourable.  The  silicates  were  decomposed,  and  tbe  liVff* 
ated  silica  was  deposited  along  the  divisional  planes,  whether  of  be^ 
or  cleavage.  Felspar  we  know  to  have  been  converted  into  mica  iv 
quartz,*  and  we  may  conceive  that  a  mass  of  highly  fel^pathic  stiitt» 
such  as  many  of  the  palssozoic  rocks  are,  might  in  the  same  ^T**  I 
resolved  into  these  two  minerals,  the  segregation  taking  place  in  fow 
corresponding  to  the  lines  along  which  the  water  passed. 

Among  the  foliated  rocks  a  gradation  can  be  traced  from  day-"*'* 
through  mica-schist  and  talc-schist  into  gneiss,  and  from  gneitf  u^ 
granite.     The  metamorphic  process  can  thus,  as  it  were, be  seen  mt^^ 
stages.     In  some  rocks  we  seem  to  see  merely  its  beginnings.    In  otbtf> 
we  trace  a  further  development  of  the  internal  n^arrangement,  nntUB 
mica-schist  the  foliated  texture  is  fully  developed.     In  gneiss,  thoQ^ 
the  folia  still  remain,  foliation  begins  as  it  were  to  pass  into  i  n^ 
irregularly  crystalline  structure,  which  reaches  its  perfection  in  gru^ 
In  this  metamorphic  series,  therefore,  clay-slate  stands  at  the  one  eii 
and  granite  at  the  other. 

Belation  of  Granite  to  Metamorphic  Bocks. — In  a  former  past  9 
this  Manual  the  petrological  relations  of  granite  to  gneiss,  mica-scbiEt 
and  other  rocks,  was  described,'!'  and  it  was  shown  that  in  some  csm 
there  could  be  little  doubt  that  the  granite  itself  is  a  rock  of  meti 
morphic  origin.  A  regular  gradation  may  be  observed  in  many  highl 
metamorphosed  districts,  from  porpliyritic  granite,  in  which  thei 
is  not  the  slightest  trace  of  any  lamination  or  parallel  arrangement  ( 
the  minerals,  through  tracts  where  such  an  arrangement  becoou 
first  obscurely  and  then  strikingly  manifest,  into  other  tracts  whei 
the  whole  mass  of  the  rocks  is  arranged  into  beds  and  layers  of  di 
ferent  constitution,  some  of  which  might  be  called  *'  gneiss,'*  othei 
"  mica-schist,"  and  with  which  beds  even  of  "  crystalline  limestoM 
are  alternated. 

There  arc,  however,  other  tracts  in  which  the  granite  occurs  i 
larger  mass,  in  which  there  is  very  little  trace  of  any  gradation  froi 
the  granite  into  the  surrounding  rocks,  even  when  these  surroundii 
rocks  do  assume  the  form  of  mica-schist  and  gneiss.  The  grani- 
which  runs  for  seventy  miles  S.S.W.  of  Dublin,  described  in  Chapt 
XII.,  is  of  this  character.  It  cuts  variously  through  beds  of  clay-slat 
which  are  interstratified  with  thin  fine-grained  siliceous  grits.  Tl 
alteration  in  the  clay-slates  in  the  direction  of  the  granite  first  becom' 
perceptible  at  a  distance  of  a  mile  or  two  from  the  line  where  tl 
granite  reaches  the  surface,  and  becomes  more  marked,  until  in  imm 
diate  contact  with  the  granite  there  is  perfect  mica-schist,  with  crysta 
of  garnet,  of  andalusite  or  staurolite,  and  other  similar  minera 
•  Bitchof,  U.  p.  178.  t  Chapter  XIL 
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'eyer,  as  wea  in  highly  melainorphosed  districts  at  a  distanoe 

ite,  Uie  purely  silioeoas  bands  of  fine-grained  grey  gritstone, 

'^n-inch  to  an  inch  in  thickness,  which  are  interstratified 

BchiBts,  are  unaltered,  except  by  induration,  exhibit  no  signs 

sation,  and  do  not  differ  from  the  grit-bands  interstratified 

[inaltered  day-slate  at  a  distance  from  the  granite.    More- 

mica-echiBt  itself  varies  in  character  in  different  layers, 

in  consequence  of  those  layers  differing  from  each  other 

in  mineral  character.    The  half-formed  crystals  of  staurolite 

dsite),  for  instance,  which  occur  under  Killiney  Hill,  near 

nly  occur  in  certain  layers  in  which  the  substances  happened 

1  the  proper  proportion  to  form  them,  while  in  intermediate 

lere  that  proportion  did  not  exist,  no  such  crystalline  forma 

ent    These  layers  are  in  many  cases  abruptly  eat  off  by  tiM 

le  granite,  or  by  the  granite  yeins  that  penetrate  them,  much 

me  way  that  aqueous  rocks  are  cut  off  in  other  places  by 

yeins  of  trap.    Sven  hand  specimens  may  be  procured  in 

e,  where  the  two  kinds  of  rock  are  separated  by  a  sharp  line 

D,  without  the  slightest  trace  of  gradation  from  one  to  the 

h  cases  it  is  evident,  that,  whether  or  not  the  granite  has  been 
formed  by  the  metamorphism  of  other  rocks,  it  has  certainly, 
or  pasty  condition,  invaded  and  altered  the  sedimentary  rocks 
hich  it  is  now  found,  and  that  here  it  cannot  be  regarded  as 
1  an  igneous  rock,  though  of  course  one  which  differs  widely 
rdinary  trap-rock  or  lava. 

L  at  whioh  Granite  was  formed. — In  a  very  important  paper* 
icroscopical  Structure  of  Crystals,  Mr.  Sorby  shows  that  it  is 
J  arrive  at  some  remarkable  conclusions  as  to  the  tempera- 
iepth  at  which  the  crystalline  particles  of  granite  and  other 
ocks  were  formed.  Crystals  formed  from  warm  fluid  solu- 
often  full  of  cavities  which  contain  some  of  the  fluid  in 
ey  were  formed.  If  these  cavities  are  not  completely  filled 
fiuid,  the  vacuity  may  be  taken  as  a  measure  of  the  shrinking 
id  during  cooling,  and  we  may  then  calculate  the  amount  of 
isite  to  expand  the  contained  fluid  so  as  to  completely  fill  the 
d  may  thus  arrive  at  a  knowledge  of  the  temperature  of  the 
e  time  the  crystal  was  formed.  But  crystals  formed  ia/utds  by 
also  full  of  cavities,  which  contain  some  of  the  fused  matter, 
me  solid  stone,  together  with  vacuities,  the  relative  sise  of 
ibles  us  to  calculate  the  amount  of  heat  that  would  melt  and 
le  contained  stone  or  glass,  so  as  to  fill  up  the  whole  cavity.  . 

;  of  pressure  has  of  course  to  be  taken  into  account ;  the  I 

*  Quart  Jonr.  OioL  Soe,  rol  zf  r.  p.  46S. 
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greater  the  pressure  the  greater  might  be  the  temperatiXTe  of  conadidft> 
tion  requisite  for  the  production  of  cavities  and  Tacniliea  in  tk 
ciystalsy  80  that  the  relative  sizes  of  these,  when  the  possihle  tempen* 
tures  of  consolidation  are  taken  into  account,  give  ns  an  idea  of  tlM 
pressure  and  j>088iblc  depth  under  which  the  rock  w*a8  consolidated. 

Mr.  Sorby  applies  thexe  ]>rincip]e8  to  the  examination  of  many  igneous  rod^S 
lavas,  traps,  and  graiiiteji,  and  proves  from  them  the  igneons  origin  of  all,  viik 
this  remarkable  result,  that  the  fluidity  of  the  more  superficial  lavas  and  tii|i 
was  a  more  purely  i^^cous  one  than  that  of  the  deeper  seated  trap«  and  gmita 
The  blocks  ejected  from  Vesuvius  during  eruption  contain  water,  while  the  hni 
do  not ;  and  the  crystals  of  the  Cornish  elvaus,  and  the  Cornish  and  Scotch  graaitB^ 
contain  lx)th  fluid  and  stone  cavities,  proving  the  jiresence  of  water,  and  peib|i 
also  of  gtt»f  a<t  well  as  the  existence  of  great  heat.     Mr.  Sorby  concludes  :— 

"  On  the  whole,  then,  the  microscopical  structure  of  the  constituent  niinenli' 
granite  is  in  ever>'  resjtect  analogous  to  that  of  those  formed  at  great  deptlui  ^ 
ejected  from  moilern  volcanoes,  or  that  of  the  quartz  in  the  trachyte  of  Pwa^* 
though  granite  hail  been  formed  under  similar  physical  conditions,  combiiuv;^ 
once  both  igneous  fu^sion,  aqueous  solution,  and  gaseous  sublimation.  Thef^rf 
of  the  oi>eration  (»f  water  is  quite  as  strong  as  of  that  of  heat."  In  someooitt 
granites  it  is  impossible  to  draw  a  line  l>etween  them  and  veins  in  which  crwi 
of  felspar,  mica,  and  quartz,  seem  to  have  lieen  formed  from  solutions  wiiko^ 
any  actual  fusion.  If  granite  and  elvan  finally  consolidated  at  a  temi^nituK  *• 
excee<ling  alnrnt  (JOS'*  F.,  the  elvans  of  C'oniwall  must  have  been  formed  lurfff* 
pressure  e<|ual  to  that  which  would  have  been  exerted  by  a  thickness  of  »l** 
40,0<»U  feet  of  rock,  tha«,e  of  the  Highlands  of  Scotland  one  of  69,000.  Calc* 
tions  unite  in  giving  these  conclusions  : — 

The  pninites  of  the  Highlands  indicate  a  pressure  of  26,000  feet  more  tlas 
those  of  Com  wall. 

'n>e  elvans  of  the  Highlands,  one  of  2S,700  feet  more  than  those  of  Com^fl- 

The  inetamorphic  rocks  of  the  Highlands,  one  of  23,7oO  feet  more  thanths* 
of  Cornwall. 

If  tlie  tenij>erature  of  consolidation  w.is  higher,  the  pressures  must  haveb** 
greater.  Mr.  Sorby  dcK's  not  mean  in  his  conclusions  to  point  out  the  al*)l^ 
depths  at  which  the  rocks  consolidated,  since  the  pressure  they  were  suhjtcied* 
miglit  arise  in  part  from  the  impelling  force  acting  from  below  against  the  tvs'^ 
incxmibent  mass. 

Cycles  of  Metamorphism. — If  we  look  upon  all  aqueous  rock?  •• 
in  some  eliain;  or  other  denvative  rocks — and  this  is  a  conclusion  fioi* 
wliich  we  cannot  escai>e — we  must  regard  them  as  either  mediately  <C 
immediately  derived  from  igneous  rocks.     With  regard  to  the  mechani- 
cally funned  aqueous  rocks  this  is  obviously  true,  because,  if  we  trace  to 
their  original  source  the  silica  and  alumina,  the  quartz,  the  felspar,  and 
the  mica  of  which  they  are  made  up,  we  must  eventually  arrive  at  son* 
igneous,  most   probably  some  granitic,  rock    as   their    parent     Bat 
even  as  n'gards  the  lime,  soda,  and  magnesia,  of  all  the  chemically 
and  organically  formed  aqueous  rocks  (setting  aside  the  corbonaceoui 
rocks),  we  are  compelled  to  supjwse  that  the  water  first  derived  tho« 
minerals  from  the  decomposition  of  such  igneous  rocks  as  contained 
them.     Speaking  generally,  then,  it  need   not   surprise   us   to  find 
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bttials  Uiat  had  once  been  fiued  xedaced  again  to  tliat  condition.  It 
fepfiy  that  the  matters  that  acted  as  a  flux  to  the  silica  and  alumina 
|k  igneous  rocks  may  have  been  washed  out  and  removed  more  or 
W-  completely  from  the  debris  of  those  rocks  which  form  our  sand- 
Hi)*  tad  days ;  but  purely  siliceous  sandstones  or  pure  days  are  com- 
ly  rare  and  in  small  quantity,  and  if  the  rocks  around  them 
Enclosing  them  were  remdted,  they  would  soon  become  mingled 
tiie  other  rocks  which  retain  their  basic  constituents,  or  consist 
cr  less  entirely  of  basic  materials,  and  thus  again  might  ordi- 
igneous  rocks  be  formed.  There  can,  therefore,  be  nothing 
mphiloeophical  or  improbable  in  r^arding  the  whole  crust  of 
Jf^be  as  consirting  of  materials  passing  through  an  endless  cyde  of 
■MonSy  existing  at  one  time  as  igneous  rocks,  then  gradually  decom- 
mif  Imi^en  up,  separated  out,  sorted,  and  deposited  as  aqueous  rocks, 
■  nbsequent  period  metamorphosed,  and  ultimatdy  re-absorbed  into 
PgneoQS  rocks.  In  tlus  yiew,  the  most  highly  metamorphosed  rocks 
Bi  be  those  most  nearly  hovering  upon  the  brink  of  re-absorption, 
i  gneiss  accordingly  on  the  point  of  passing  into  granite,  and  in  some 
tfi  perhaps  undistinguisbable  from  what  we  may  coDceive  as  originally- 
granite,  no  part  of  which  has  yet  entered  on  this  cycle  of 


Production  of  Pseudo-igneotia  Books  by  Metamorphism. — We 
^  seen  that  metamorphic  granite  is  the  ultimate  stage  of  that  line 
metamorphism  which  leads  from  day-slate  through  mica-schist  to 
Kin.  There  is  another  line  of  metamorphism  where  highly  felspathic 
fmentary  rocks,  including  even  conglomerates,  have  been  converted 
II  djBtalline  and  porphyritic  masses,  which  at  first  sight  would  not  be 
mded  as  anything  but  true  igneous  rocks.  Some  remarkable  examples 
this  kind  occur  in  the  SUurian  and  Old  Red  Sandstone  districts  of 
Bdiire  in  Scotland.  Near  Girvan,  a  conglomerate,  which  in  one  place 
rell  stratified,  passes  by  degrees  into  a  dull  dirty  green  amorphous 
phyritic  rock,  in  which,  after  a  little,  even  the  more  siliceous  pebbles 
•e  to  be  visible.  This  rock  varies  greatly  in  texture  and  composi- 
L  It  is  associated  in  the  same  district  with  serpentine,  diallage- 
'^  diorite,  and  syenite.* 

MetamorphUm  of  Igneous  Bocks. — Metamorphism  is  not  con- 
1  to  the  aqueous  rocks,  but  is  probably  equally  active  among  the 
oils  rocks  themselves,  although  there  the  processes  are  more  con- 
^  from  us.     Many  rocks,  which  are  now  undistinguishable  from 

igDeous  rocks,  may  have  been  formed  by  a  comparatively  slight 
imorphism  of  tuff,  or  other  mechanical  accumulation  of  materials, 
red  directly  froib  igneous  rock,  and  subsequently  brought  within 

dfsbfet  hat  been  eorrejed  in  the  conne  of  the  Geological  Sarrey,  and  part  of  it 
hf  Mr.  Jsmea  Geikie,  Quart,  Jaum.  Otol  Soc,  vol.  zzll  p.  51S. 
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the  influence  of  mctamorphic  action.  Some  real  and  originally  fonnd 
igneous  rocks  may  in  like  manner  undei^  metamorphoses,  more  or  ki 
complex.  Some  rockf*,  for  instance,  may  have  acquired  a  porphnitii 
texture  by  long-cxjntinued  and  comparatively  gentle  metamoiphi^i 
acting  on  previously  compact  trap-rocks.  The  same  comparatively  sBgli 
action  han  doubtless  caused  many  once  com{»act  igneous  rocks  to  becoai 
more  completely  crystalline,  and  in  some  cases  generated  new  c<)inbii» 
tions,  and  produced  mineral  forms  that  did  not  exist  in  the  origiw 
rock.  These  possibilities  should  be  borne  in  mind  when  we  are » 
deavouring  to  explain  phenomena  that  other^'ise  are  often  difficult  H 
understand.  In  metamorphosed  regions,  igneous  rocks  which  wom 
fall  under  the  general  class  of  greenstones  or  felstones,  are  much  mflB 
completely,  or  much  more  coarsely  crystalline,  than  similar  ignM* 
rocks  in  uiialtereil  districts,  and  seem  in  some  cases  to  have  had  mi 
only  their  state  of  aggregation,  but  even  their  mineral  compoatw 
changed,  either  by  a  re-arrangement  of  their  constituents,  or  brti 
subtraction  of  some  which  they  formerly  possessed,  or  the  addition  • 
others  which  they  did  not.  Other  igneous  rocks  may  occur  in  » 
same  <listricts  which  have  been  intruded  subse4iuently  to  the  ni«* 
niorphic  action,  and  therefore  have  the  same  chamcters  as  when  the; 
occur  ill  unnietamorphosed  districts.  Want  of  attention  to  thi>  en 
cunistiiuce  seems  to  have  been  one  of  the  sources  of  the  confusion  whid 
still  is  t4)  be  found  in  the  nomenclature  of  the  rocks  found  in  igneoo 
and  nietiunoq>hic  districts,  and  the  multiplicity  of  the  varieties  ino^ 
duce»i  and  nanietL  All  chemical,  mineralogical,  and  niicro««>p 
descriptions  of  such  r«)cks  should  be  accompanied  by  careful  geoloj?'!' 
descriptions  of  the  neij^hbourhood  of  the  locality  from  which  theV*^ 
obtained,  special  notice  being  taken  as  to  whether  the  general  inas3< 
tlie  surrounding  rocks  exhibits  marks  of  metamorjihism  or  not ;  ^ 
all  varieties  derived  from  such  districts  should  be  admitted  with  gT* 
caution  anion*,'  those  of  unnietamorphosed  igneous  rocks. 

In  connection  with  this  possible  met^miorphism  of  igneous  rocVs 
a  large  scale,  the  contact  metamorphism  of  igneous  rocks,  and  t 
reaction  of  the  enclosing  rock  on  the  igneous  mass  itself,  is  a  suhjeci 
great  interest,  hitherto  little  investigated.  Black  basalt  or  doler 
where  it  penetrates  coal,  is  conveited  into  the  "  white  rock  tn 
described  at  p.  261,  sometimes  for  a  depth  of  several  feet ;  and  in  mi 
cases  the  metamorphism  along  the  boundary  of  an  intrusive  rock 
apparently  about  as  great  in  the  latter  as  in  the  rock  which  it  travel 

4.  Formation  of  ConcretionB  and  Mineral  Veins. 

Not  only  have  rocks  had  their  substance  altered  by  the  remova 
re-arrangement  of  their  ingredients  by  metamorphism,  but  cavities,eii 
original  or  subsequently  formed  in  their  mass,  have  been  filled  up  y 
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componmda  In  QmpUn  XIV.  and  XT.  ft  dioKnpdoa 
en  of  the  wi^  in  whieh  Terns  of  minCTaJit  and  minend 
ccnr  in  iocIul  Sadi  eoDcretioiiB  as  were  not  fonned 
I  clay  irmstone  nodnks  were)  along  with  the  rock  in 
xe  found,  are  due  to  the  diemital  action  of  percolating 
sTen  the  contemponneonaly-foEmed  concretions  hare  been 

affected  hy  the  same  muTenal  action.  The  ironstone 
istance,  are  often  fonnd  to  have  their  internal  cracks  filled 
Bpar,  sometimes  with  blende  or  galena — sabstanoes  which 
)ed  by  percolating  water,  long  after  the  formation  of  the 

The  chemical  reactions  which  resolted  in  the  formation 
B  of  iron  pyrites,  chert,  ^los^iate  of  lime,  etc.,  will  be 
od  from  the  detailed  descriptions  of  Bischofc 
mineral  yeins  and  concretions  there  is  a  close  analogy.  A 
ig  is  in  many  cases  only  a  thread  of  an  inch  or  two  in 
lay  be  regarded  as  merely  an  elongated  concretion.  Snch 
HA  of  quartz  and  carbonate  of  lime.  From  these  tiny 
B  eveiy  gradation  of  size  and  substance,  tOl  we  come  to 
erous  lodes  or  reefs,  many  yards  broad  and  several  nules 
'  the  student  will  refer  to  tiie  geognostic  account  already 
^ral  yeinSy  he  will  see  that,  from  the  way  in  which  the 
3  occur  together,  there  can  hardly  be  any  doubt  that  they 

fonned  successiyely  by  variations  of  the  same  great  pro- 
ation.     It  seems  clear  that,  whatever  other  agent  may 
work,  water  charged  with  mineral  solutions  has  been  the 
^re,  as  in  other  metamorphic  processes, 
^n  maintained  that  currents  of  voltaic  electricity  have 

are  traversing  the  lodes,  and  have  been  largely  instru- 

deposition  of  the  several  ores.*  Another  explanation  has 
d  by  the  results  of  metallurgical  processes — viz.,  that  the 
met  with  in  veins  have  been  sublimed  in  fissures  by  the 
erground  heatt     But  the  fact  that  the  spars  and  vein- 

rettiDg  paper  by  Mr.  R.  Weir  Fox  (Tmiu.  Boifol  OeoL  Soe,  CcmwdO,  ToL 
tro-Magnetic  Properties  of  Lodes." 

Ig  note  on  this  subject  is  by  Mr.  Jnkes :—"  When  walking  across  the 
g  country  after  the  meeting  of  the  British  Association  at  Newcastle,  in 
limney,  a  mile  long,  built  up  the  side  of  a  hill  near  one  of  Mr.  Beaumont's 
ty  of  Northumberland,  was  pointed  out  to  me.  It  had  chambers  in  it  at 
ras  said  that  its  expense  wss  repaid  in  a  few  years  by  the  quantity  €t  lead 
)  chambers,  which  would  otherwise  have  been  dissipated  in  the  state  of 
.mosphere.  As  this  happened  so  many  years  sgo,  I  wrote  to  Mr.  Bop- 
manager  of  Mr.  Beaumont's  mines,  respecting  it,  and  in  answer  I  waa 
that  fonneriy  *laige  quantities  of  lead  were  carried  off  in  the  state  of 
ited  on  the  surrounding  land,  where  vegetation  waa  destroyed,  and  the 
n  and  animals  seriously  afllMsted.*  This  led  to  Taiioos  extensions  of  the 
lUy  inclined  galleries  in  nseat  Jfr.  Batomont'f  Bkinet,  tad  tbs  <V3MiUti  <A 
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stones,  which  cannot  be  supposed  to  owe  their  existence  to  fiabliiittti(ii|| 
are  so  intimately  associated   with  the  ores,  leads   us   neoesniily  M 
assume  one  common  origin  for  the  whole,  and  as  thej  are  all  m 
ducts  which  might  have  been  produced  by  infiltration,  there  Beemi  m 
good  reason  to  assign  any  other  cause  for  their  formation.    It  is  op4 
to  question  whether  the  metallic  substances  have  been  derired  toM 
the  rocks  adjacent  to  the  veins,  or  from  some  other  source.    Frobil^ 
both  these  sources  have  been  available. 

The  remarkable  relation  which,  as  pointed  out  in  Chapter  HVt 
often  holds  between  the  development  of  minerals  in  a  vein,  and  tMl 
varying  nature  of  the  rocks  through  which  the  vein  passes,  may  im 
cate  either  that  the  minerals  were  directly  derived  from  these  loekf 
or  that  if  they  were  carried  up  in  solution  from  greater  depths,  th 
nature  of  the  composition  of  the  rocks  on  each  side  of  the  veins  ^ 
termined  the  deposition  of  the  particular  minerals  in  the  veins  thes* 
selves. 

Supposed  Connection  between  Igneous  Bocks  and  Me 
Veins. — Whether  or  not  an  increase  of  temperature  has  been  connected  witii 
deposition  of  ores  in  veins,  it  is  abundantly  evident  that  the  occurrence  of ' 
rocks  has  no  connection  with  it.  This  supposition  of  a  relation 
igneous  rocks  and  mineral  veins  seems  partly  to  have  sprung  from  the  fart 
igneous  rocks  also  occur  in  veins,  and  partly  from  the  other  fact  that  me 
mineral  veins  often  occur  in  districts  >\hich  are  partly  composed  of  igneous 
It  is  obvious,  however,  that  veins  of  igneous  rock  very  seldom  contain  either ip* 
or  ores  at  all  resembling  those  found  in  mineral  veins,  their  contents  being  iD*ff 
a  rock  mass,  composed  of  imperfectly  crystallised  silicates.  It  is  equally  obrt* 
that  the  occurrence  of  metalliferous  mineral  veins  in  districts  partly  comp«w  a 
igneous  rocks,  is  the  consequence  not  of  the  igneous  origin  of  such  rocks  bit  • 
their  hardness  and  durability,  the  fissures  in  these  rocks  remaining  open  till  tW 
became  the  receptacles  of  spars  and  ores.  The  igneous  rocks,  like  thos*  * 
aqueous  origin,  were  evidently  consolidated,  and  much  in  the  same  state  in  ^^r 
they  are  now,  before  they  commenced  to  be  fissured,  and  the  infilling  of  ^ 
fissures  is  a  yet  more  recent  operation. 

load  extracted  rapidly  repaid  the  cost  of  construction.  The  latest  addition  of  this  1^ 
was  made  at  Allen  Mill,  and  it  completed  a  length  of  8789  yards  (nearly  five  miles)  of  it* 
gallery  (or  chimney)  from  that  mill  alone.  This  gallery  is  eight  feet  high  and  six  feet  vi< 
and  is  in  two  divisions  wid«.-ly  separated  ;  one  being  in  nse  during  such  times  as  the  ^ 
or  deposit  (a  black  oxide  of  lead)  is  taken  out  of  the  other.  There  are  also  upwards 
four  miles  of  gallery  for  the  same  purpof^e  connected  with  other  mills  belonging  to  ) 
Beaumont  iu  the  same  district  and  in  Durham,  and  further  extensions  are  eontemi^it) 
The  value  of  the  lead  thus  saved  from  being  totally  dissipated  and  dis}>er8ed,  and  obtaii 
from  what  might  be  called  chimney  saxtpingSt  considerably  exceeds  ten  thousand  poo 
sterling  annually.  It  should  be  observed,  however,  that  the  mines  of  which  these  chlms 
or  flues  are  an  appendage,  are  the  largest  lead-mines  in  the  world,  and  that  the  royaltie 
freehold  rights  of  mining  belonging  to  Mr.  Beaumont  in  the  county  of  Northumberl 
alone,  extend  over  more  than  a  hundred  square  miles,  in  addition  to  extensive  leaset 
mines  in  the  county  of  Durham. 

"  At  the  Ballycoms  load  smelting  works,  near  Dublin,  a  long  chimney  has  lately  I 
carried  up  the  side  of  the  hill  for  a  distance  of  about  a  mile,  the  cost  of  the  constraci 
being  repaid  by  the  lead  r^ained  from  it." 
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^Wa  tlie  igneooB  rocks  are  of  such  a  nature  as  not  readily  to  afTord  open 
^■•i»asis  the  case  with  the  toadstone  of  Derbyshire,  the  Great  Whin-sill  of  the 
iVftm  comities,  and  other  similar  rocks,  their  presence  is  obyionsly  nnfavonr- 
k  tethe  oontinnity  of  wide  metalliferons  fissures.  The  toadstones,  indeed,  are 
^^lif  eontemporaneons  with  the  limestones.  In  the  levels  of  some  of  the  mines 
I^Bikewell,  there  occur  cavernous  holes  in  the  lower  part  of  a  bed  of  limestone, 
j^vUeii  nodular  masses  of  the  toadstone,  on  which  the  limestone  rests,  have 
p  fieBvated,  in  a  more  or  less  decomposed  state.  This  shows  that  the  lime- 
is  has  been  deposited  on  a  rough  surface  of  toadstone,  and  has  enclosed  these 
■HI  It  has  also  been  proved  Uiat  the  same  veins,  which  are  rich  in  lead  ore 
jSi  a  bed  of  toadstone,  and  seem  to  end  entirely  on  coming  down  to  it,  are  to 
jpnad  in  the  limestone  below  it,  with  the  same,  or  nearly  the  same,  line  of  hade 
LAsetion,  and  the  same  contents  as  above  tiie  toadstone.  In  the  same  way, 
lb  aofthy  the  veins  lose  their  contents  on  coming  down  to  the  Great  Whin^ill ; 
[fkti  the  whin-sill  was  there  before  the  formation  of  those  veins  is  shown  by 
thai  the  throw  of  the  bed  of  whin-sill  by  these  veins  and  faults  is  exactly 
and  similar  to  the  throw  of  the  other  beds.* 

iTa  Vormation  of  Mineral  Veins. — ^The  mineral  substances  flll- 
Tsins  usually  occur  in  duplicate  bands  (see  Fig.  117,  p.  295),  of  which 
ly  be  a  number  of  pairs.  The  material  coating  each  wall  of  the  vein  is 
the  same  on  both  sides,  and  each  is  covered  by  a  series  of  similar  layers, 
_  meet,  or  are  only  separated  by  a  single  distinct  layer,  fonning  the  centre 
hi  vein.  It  is  evident,  from  this  arrangement,  that  the  filling  of  each  vein 
^have  been  a  long-continued  process,  of  which  each  pair  of  separate  deposits 
^MBta  one  of  the  stages.     We  may  either  suppose  that  the  fissure  received  its 

iridth  at  ibst,  and  was  gradually  filled  up  by  those  successive  depositions,  or, 
^{■obaUy,  that  it  was  widened  at  intervals,  and  that,  between  these  repeated 
■■faip  the  various  mineral  layers  were  deposited. 

Ooimaotion  of  Mineral  Veins  with  the  Surface. — In  some  cases  water- 
^  psbbtoi  and  other  foreign  substances  are  found  in  mineral  veins,  indicating 

fctiaei  connection  of  the  fissures  with  the  surface.  On  this  subject  the 
iart  win  find  some  very  interesting  matter  in  the  work  entitled  Notes  on  the 
i^  and  Mineralogy  of  Santander  and  Madrid,  by  Dr.  W.  V.  Sullivan  and 
K  OBdlly.t 

&•  province  of  Santander  is  a  mountainous  district,  composed  of  massive  lime- 
>■%  dolomites,  and  sandstones,  belonging  chiefly  to  the  Jurassic  and  Cretaceous 
ki^  but  without  a  trace  of  any  igneous  rock.  The  rocks  are  often  traversed  by 
Mi  coatortions  and  faults,  and  the  limestones  and  dolomites  especially  are  tra- 
M  by  many  mineral  veins,  which  contain  ores  of  zinc  in  the  greatest  abundance, 
b  tte  occasional  occurrence  of  ores  of  lead,  copper,  iron,  and  other  metals.  The 
is  isem  diiefly  to  be  analogous  to  gash  veins  or  pipe  veins,  and  some  of  those 
%^  limestones  and  dolomites  are  certainly  of  the  latter  class.  In  the  Dolores 
^  ia  the  valley  of  the  river  Udias,  a  cave  was  discovered,  the  floor  and 
Ib  of  which  were  covered  with  ''white  ore,"  a  pure  hydrocarbonate  of  zinc, 
^w^e  whiteness,  and  in  this,  coated  with  the  zinc  ore,  were  found  the  bones 
of  the  animals  which  have  most  recently  become  extinct — bones  of  deer, 
teeth  of  EUphaa  primigenius  or  Mammoth,  the  bones  and  teeth  of  a 
and  many  others.    Dr.  Sullivan  gives  chemical  reasons  for  believ- 

ftrt  the  bones  had  suffered  little  from  decay  at  the  time  in  which  they 

toM  enveloped  in  the  ore.  He  also  gives  some  interesting  details  of  spars 
[_  ens,  silicatas  as  well  as  carbonates  being  observed  in  the  act  of  formation, 
^  firom  iheJUud  through  the  colloid  into  the  crjfstalUne  state. :( 


*  Bee  tbe  sections  in  Mr.  Wallace's  work,  already  cited. 
t  PiUiAed  by  Wflllams  aad  NoijfMte,  in  J863.  %  Op.  eU.  p.  97,  ct  leq. 
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It  sometimes  happeni  that  theee  extraneooi  or  nnrfMe-dernred  nnftsak 
Aurniah  us  with  evidence  of  the  geologioal  date  at  which  the  Teixii  opened  vp 
the  surface,  or,  at  least,  communicated  with  some  subterranean  watercoom, 
was  supplied  with  water  from  the  surface.  Mr.  G.  Moore,  of  Bath,  hu  gnvi 
an  account  of  his  discovery  of  many  land  and  f^eah-water  fossils,  belonging  to  tki 
Liassic  period,  at  depths  of  270  feet  in  the  mineral  veins  in  the  CsibonifErM 
Limestones  of  the  Mendips,  and  of  parts  of  South  Wales.* 

Taking  these  fiacts  in  connection  with  the  statements  as  to  tin 
growth  of  crystals,  of  both  spar  and  ore/in  the  deserted  galleries  of  oil. 
mines,  there  seems  nothing  unreasonable  in  the  supposition  that  wliiK* 
ever  may  be  the  geological  antiquity  of  the  rocks  which  enclose  masd 
veins,  or  of  the  fissures  and  cavities  which  traverse  the  rocb,  tk 
period  during  which  the  spars  and  ores  were  deposited  in  those  vein 
may  l>e  much  more  recent,  and  very  extended ;  and  in  many  cases  M 
deposition  may  be  even  still  going  on. 

•  Quart.  Jour,  Gtol.  Soc,  voL  xxiiL  p.  48S ;  and  BrU,  A$$oe.  Bep.  for  1800. 


Section  II. 
SUBFACE  AQENCIES. 

CHAPTER  XXL 

THE  ATMOSPHERE. 

geological  agencies,  whose  mode  of  working  and  effects  have  now  to 
*ft  considered,  are  those  which  act  on  the  surface  of  the  globe.  They 
QiMst  of  the  atmosphere,  of  the  water  which  circulates  as  rain,  springs, 

r,  ice,  and  rivers  between  land  and  sea,  of  the  ocean,  and  of  the 
ides  of  plant  and  animal  life.  All  these  various  forces  are  so 
^timately  blended  in  their  operations  that  we  cannot  adequately  realise 
afce  work  performed  by  any  one  unless  taken  in  conjunction  with  the 
triers.  Hence  no  systematic  subdivision  of  them  can  be  other  than 
Hbitniry  and  artifici^  For  the  sake  of  the  convenience  of  a  geological 
t!singement  we  may  group  them  as  follows : — 1,  The  influence  of  the 
bttiosphere  in  destroying  rocks  and  forming  new  deposits.  2.  The 
^quervative,  destructive,  and  reproductive  effects  of  vegetable  and 
KluDal  life.  3.  The  results  of  the  circulation  of  water  between  land 
>^  sea.     4.  The  geological  action  of  the  sea. 

1.  The  Atmosphere. 

Though  sharp  lines  of  demarcation  cannot  be  drawn  between  the 
i^dons  ways  in  which  the  atmosphere  affects  the  surface  of  the  land,  we 
^mj  yet  recognise  that,  on  the  one  hand,  it  shows  a  tendency  to  dis- 
^tegrate  and  remove  the  superficial  parts  ;  and,  on  the  other,  to  heap 
>(>  the  disintegrated  materials  into  new  deposits.  In  the  former  opera- 
^«Mi  the  action  is  partly  mechanical  and  partly  chemical — in  the  latter 
^  is  almost  wholly  mechanical.  It  is  to  be  noted,  however,  that  when 
'^  speak  of  the  destructive  or  reproductive  effects  of  the  atmosphere, 
^  of  any  other  geological  agent,  we  do  not  necessarily  imply  that 
^^iything  useful  to  man  is  either  destroyed  or  reproduced,  still  less 
^^  anything  is  destroyed  in  the  sense  of  annihilation.  We  shall  find, 
'^  the  contrary,  that  the  destructive  effects  of  the  atmosphere  help  to 
^tm  barren  rock  into  rich  soil,  while  its  reproductive  effects  often  tura 
^^ch  land  into  barren  desert    The  two  terms,  therefore,  are  \x^v)l  Va  ^ 
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strictly  geological  sense,  to  denote  the  removal  of  material  from  one  place, 
and  its  re-depoaition  in  a  new  form  in  another. 

a.  Destraotlve  Effeots. 

'Weathering  of  Booka. — Under  the  name  of  ''  weathering**  are  in- 
cluded the  variotiB  modes  in  which  the  surfaces  of  rocks  exposed  to  the 
weather  decay.  This  decay  is  effected  partly  hy>ihe  chemical  action  of 
air  upon  rocks,  partly  by  the  loosening  influence  of  great,  and  especially 
rapid  changes  of  temperature,  partly  by  the  chemical  and  mechanical 
effects  of  rain,  and  partly  by  the  expansive  and  disintegrating  effects  of 
frost  The  action  of  rain  and  of  frost  will  be  more  particulariy 
described  in  the  sequel.  The  chemical  influence  of  the  atmosphere 
upon  rocks  consists  chiefly  in  the  oxidation  of  those  minerals  which 
can  contain  more  oxygen,  as  in  the  peroxidation  of  protosalts  of  iron, 
and  in  the  absorption  of  carbonic  acid  by  rocks,  and  the  production  of 
carbonates  and  bicarbonates,  which  still  further  aid  in  the  process  of 
decomposition.  The  mechanical  effects  of  extreme  changes  of  tempera- 
ture are  seen  in  the  way  in  which  different  rocks  expand  and  contract 
Allusion  has  already  been  made  to  the  experiments  of  Colonel  Totten, 
in  America,  which  were  suggested  by  the  impossibility  of  mftlring  tight 
joints  of  masonry  in  a  country  where  the  annual  range  of  temperature  is 
more  than  90°  Fahr.*  The  alternate  expansion  and  contraction,  more 
especially  when  it  takes  place  rapidly,  tends  to  disintegrate  the  surface 
of  the  rocks  into  sand,  or  to  make  it  crack  off  in  skins  or  irregular 
fragments.  Dr.  Livingstone  mentions  that  in  Africa  (lat  12  &,  long. 
34  E.)  he  found  the  rocks  wliich,  during  the  day,  were  heated  up  to  137° 
Fahr.,  had  their  surfaces  so  rapidly  cooled  by  radiation  at  night,  that  the 
contraction  was  such  as  to  split  the  stone,  and  to  throw  off  sharp  angular 
fragments  from  a  few  ounces  to  one  or  two  hundred  pounds  in  weightt 

The  manner  in  which  rocks  yield  to  weathering  is  regulated  chiefly 
by  their  composition  and  texture.  Of  those  which  are  not  readily 
altered  chemically,  the  more  porous  varieties  yield  more  easily  to  dis- 
integration than  the  more  compact  Of  those  which  are  prone  to 
chemical  alteration,  such  as  are  rich  in  carbonate  of  lime,  as  common 
limestone  or  chalk,  are  most  rapidly  wasted.  Purely  siliceous  rocks  are 
those  least  affected,  purely  calcareous  rocks  are  those  most  affected  by 
weathering.  The  relative  hardness  of  the  rocks  has  no  necessary  rela- 
tion to  the  nature  or  rapidity  of  their  mode  of  weathering.  Soft  clay, 
where  protected  from  the  influences  of  running  water,  may  resist  the 
action  of  the  weather  longer  than  crj^stalline  limestone,  though  runnels 
of  water  will  of  course  cut  a  channel  in  the  clay  more  rapidly  than  in 
the  limestone.  The  student  who  T^nshes  to  pursue  the  subject  of  the 
chemical  changes,  and  the  nature  of  the  products  in  the  weathering  of 

*  Bee  anU,  p.  357.  t  Livingstone's  Zambeti,  pp.  40S,  510. 
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ockSy  should  consult  such  works  as  those  of  Bischof,  Roth,  Seuft,  etc*  The 
jUowing  illustrations  are  all  that  the  space  of  this  work  will  admit  of: — 

Limestone. — Pare  limestone  gives  rise  to  little  or  no  soil,  and  fonns  therefore 
«re  ridges  and  hills.  The  reason  of  this  is,  that  the  carbonic  acid  absorbed  by 
un  from  the  atmosphere  dissolires  the  rock  and  remoTes  it  in  solution.  Those 
mestones,  however,  which  contain  mach  silica,  or  silicate  of  alamina,  and  some 
•rotoxide  of  iron,  diffused  through  their  mass,  are  converted  into  the  substance  known 
s  roUenstane,  by  the  action  of  the  weather  dissolving  and  removing  the  carbonate 
f  lime,  leaving  the  fine-grained  rusty  siliceous  matter.  Calcareous  sandstones  some- 
imes  weather  ia  a  similar  way,  the  hard  quartz  grains  projecting  from  the  surface 
f  the  rock  until  eventually  washed  off,  as  the  calcareous  matter  is  dissolved. 

Dolomite, — In  some  of  the  bands  and  veins  of  dolomite  that  travei'se  the 
^boniferoufl  limestone  of  Ireland,  the  magnesian  part  falls  into  a  sand  of  minute 
ryBtals  which  have  separated,  apparently  under  the  influence  of  the  weather,  in 
oneequence  of  the  perfect  formation  of  each  crystal,  while  the  imperfect  crystals 
f  the  adjacent  crystalline  limestone  have  remained  interlaced  and  still  form  a  solid 
larble.  The  separated  crystals  of  the  dolomite  do  not  seem  more  decomposed 
ban  do  those  of  the  limestone. 

IMeritie  Rocks. — ^These  rocks  consist  essentially  of  labradorite,  augite,  and 
Itaiioferrite.  The  felspar  weathers  by  the  conversion  of  its  silicate  of  lime  into 
arbonate,  wluch  is  removed  in  solution.  The  augite  has  its  protosilicate  of  Iron 
>nverted,  by  addition  of  oxygen  from  the  atmosphere,  into  persilicate,  and  its 
iicate  of  lime  is  changed  by  carbonic  acid  into  carbonate,  f  Doleritic  rocks  have 
snsequently  a  crumbling  crust  of  decomposed  and  decomposing  minerals,  which 
til  down  into  sand  and  loam,  to  form  new  and  usually  excellent  soil.  In  some  cases, 
'here  the  disintegration  proceeds  to  a  greater  depth,  the  rock  can  be  dug  out  with 
tie  spade,  as  a  brown  highly  ferruginous  sand ;  in  which,  however,  the  characteristic 
lobular  internal  arrangement  of  the  rock  is  sometimes  very  well  retained. 

Granite. — ^The  extent  to  which  granite  and  gneiss  are  sometimes  weathered  is 
ery  wonderful.  In  many  cases  hills  of  granite  admit  of  being  dug  into  by 
ickaxe  and  spade,  to  a  depth,  in  some  places,  of  20  or  80  feet,  the  crystals  of 
uartz,  felspar,  and  mica,  no  longer  adhering  to  each  other.  That  these  crystals 
avc  not  been  transported  as  debris,  is  proved  not  only  by  their  angular  character 
nd  their  occupying  their  natural  positions  with  respect  to  each  other,  and  there 
eing  no  signs  of  arrangement  in  layers,  but  also  by  the  occurrence  of  small 
ranching  quartz  veins  sometimes  running  through  the  mass,  just  as  they  do 
brough  solid  granite,  showing  that  it  is  really  a  granite  decomposed  in  situ.  In 
>evon  and  Cornwall  this  decomposed  granite  is  known  as  "  growan. "  t 

Depth  of  weathered  hand  no  test  of  the  rapidity  of  weathering  of  the 

ock. — It  must  be  particularly  borne  in  mind  that  the  depth  of  the 

reathered  band  round  any  block  of  rock  is  by  no  means  a  proof  of  the 

ase  or  rapidity  with  which  it  yields  to  the  influence  of  tlie  weather, 

*  Bischof  *i  Chemical  Otology  (Cavendish  Society's  translation)  is  a  storehouse  of  facts. 
iotb^s  prolonged  researches  from  1861  to  1868  throw  light  on  the  weathering  of  the  crys- 
illine  rocks,  and  will  be  found  reprinted'from  the  Traruactions  of  tKt  Roy.  Acad.  Seienoet  qf 
erUn,  as  a  separate  work,  Ueitrage  rur  Petrographie  der  Plutonischen  Gttteine,  Berlin,  1809. 
enft's  recent  Ltkrhndi  der  Mineralien  und  Felmrtenkunde  (Jena,  1869)  gives  some  details 
sgarding  the  weathering  of  rocks  and  minerals ;  and  reference  may  also  be  made  to  his 
ieinsekmU  imd  Erdboden  (1867),  and  his  Humus,  IfarscA,  Tor/,  und  LimoniUfUdungen  (1862). 

t  Bischof,  iL  230. 

t  It  is  flrequently  mentioned  in  different  pai>er8,  published  by  the  Royal  Geological  Society 
r  ConiwaU.  In  a  paper,  in  the  4th  volume,  by  Mr.  J.  Hawkins,  soft  "  gruwan  "  is  said  to 
Dear  ia  the  nUne  at  Carclaze,  at  a  depth  of  1S8  feet  fk'om  the  surface. 
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but,  on  the  contrary,  may  be  an  evidence  of  the  extent  to  which  it 
resists  it.  Pure  limestones,  as  lias  been  already  remarked,  will  not 
exhibit  any  weathered  band,  because  the  carbonic  add  of  the  rain 
almost  at  once  dissolves  and  removes  the  particles  it  acts  npon,  so  that 
the  more  crystalline  particles  stand  out  in  relie£  It  is  only  very 
impure  limestones  that  yield  "  rottenstone.*'  Even  with  igneous  rocb 
the  composition  may  be  such  that  those  which  weather  most  rapidlv 
may  not  show  the  greatest  depth  of  weathered  band  beneath  the  sur- 
face, owing  to  the  removal  of  the  particles  as  soon  as  disintegrated. 

HflbctB  of  "WincL — Geological  changes  are  brought  about  by  the 
mechanical  effects  of  wind.  Sand  driven  by  prevalent  winds  over  rocks 
scratches  and  polishes  them.  It  is  said  that  at  Cape  Cod  holes  have 
even  been  drilled  in  window  glass  by  the  same  agency.*  The  influence 
of  wind  in  raising  waves  on  lakes  and  on  the  sea  may  be  referred  to 
here,  although  wave-action  falls  to  be  noticed  in  a  subsequent  part  of 
this  section.  Hurricanes  are  likewise  geological  agents  upon  land,  in 
uprooting  trees,  and  thus  sometimes  impeding  the  drainage  of  a  countn', 
and  giving  rise  to  the  formation  of  peat-mosses.t 

/3.  Beproductive  Effects. 

Soil. — Although  rocks  are  disintegrated  by  the  atmosphere,  their 
detritus  is  not  destroyed.  Part  of  it  is  washed  away  by  rains  and 
streams,  but  part  remains  on  the  land,  and  gives  rise  to  new  soil.  All 
soil  is  the  result  of  the  decomposition  of  rocks  mingled  with  decayed 
vegetable  and  animal  matter.  If  rain  did  not  come  into  play,  and  wa?h 
the  materials  of  soil  to  a  greater  or  less  distance  from  their  source,  the 
soil  of  every  locality  ought  to  be  simply  the  decayed  upper  surface  of 
the  rocks  underneath.  But,  in  proportion  to  the  slope  of  the  ground 
and  the  quantity  of  rain,  the  soil  is  moved  from  higher  to  lower  level?, 
so  that  in  many  cases  a  good  soil  comes  to  lie  upon  rocks,  which  of 
themselves  would  only  produce  a  poor  soil.  The  action  of  rain  in  the 
formation  of  soil  is  referred  to  in  Chapter  XXIIL 

Ssnd-hilla  and  Dunes. — "Wherever  prevailing  winds  blow  upon  loose 
materials,  such  as  sand,  they  tend  to  drive  them  onward,  and  pile  them 
into  irregular  heaps  and  ridges.   This  takes  place  characteristically  on  the 
windward  side  of  land  where  the  shores  are  sandy ;  but  it  is  also  to  be  seen 
even  in  the  heart  of  a  continent,  as  in  the  sandy  deserts  of  the  Sahara  and 
of  Arabia.   Along  low  sandy  coasts,  hills  are  formed  of  drift  sand,  which 
sometimes  reach  a  height  of  200  or  300  feet    These  hills  are  commonly 
called  "dunes."    They  have  been  described  as  advancing  on  the  low  shores 
of  France,  in  the  Bay  of  Biscay,  at  the  rate  of  60  and  70  feet  per  annum, 
overwhelming  houses  and  farms  in  their  progress.^   The  coast  of  Norfolk 

•  Dana's  ManwU,  p.  631.  t  See  postta,  p.  383. 

t  Thit  progress  has,  within  the  last  quarter  of  a  century,  been  arrested  by  the  planting 
of  pine  forests,  the  turpentine  of  which  has  become  the  source  of  a  large  revenue. 
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i>  ill  some  places  bordered  with  sand-hilLs  50  to  GO  feet  lii^di.  Similar 
accumulations  take  place  on  the  coast  of  Cornwall,  where  the  sand, 
Gompoeed  largely  of  fragments  of  shells  and  corals,  becomes  converted 
sometimes  into  a  hard  stone  by  carbonate  of  lime  or  oxide  of  iron.* 

Laige  areas  of  blown  sand  are  likewise  found  along  many  parts  of 
the  Scottish  coast  line.f  Along  the  south  coast  of  Wexford,  as  also  in 
Smerwick  harbour  (county  Kerry),  similar  accumulations  are  in  progress. 

''  On  the  eastern  coast  of  Australia,*'  says  Mr.  Jukes,  '^  about  Sandy 
Cape,  this  process  is  going  on  on  a  still  larger  scale.  In  Port  Bowen, 
in  the  same  neighbourhood,  I  once  saw  a  very  good  instance  of  it  The 
liae  and  fall  of  tide  there  is  as  mu(?h  as  sixteen  feet ;  and,  at  low  water, 
great  sandbanks  are  exposed,  derived  from  the  shallow  sea  outside,  and 
the  waste  of  the  porphyritic  rocks  on  the  coast  These  sandbanks 
rapidly  dry  under  the  hot  sun  ;  and  the  trade- wind,  which  blows  home 
upon  the  shore,  then  drifts  the  sand  up  upon  the  beach,  and  piles  it 
into  hills  50  or  60  feet  high.  Behind  these  hills  is  a  large  mangrove 
swamp,  which  is  being  gradually  buried  under  the  advancing  sand, 
some  of  the  mangrove-trees  only  just  peering  above  it,  others  half 
covered,  and  so  on.  The  drift  of  sand  through  the  gaps  of  these  dunes 
was  exactly  like  a  snow-drift  in  a  heavy  storm,  whenever  the  wind  blew 
freshly.  Large  districts,  with  hills  of  200  or  300  feet  in  height,  are 
found  also  on  the  coasts  of  Western  Australia,  stretching  sometimes 
ten  miles  inland,  formed  of  loose  incoherent  sand,  once  apparently 
drifted  by  the  wind,  though  now  brought  to  rest  by  the  growth  of  a 
wide-spread  forest  of  gum-trees.  Parts  of  these  sands,  which  consist 
greatly  of  grains  of  shells  and  corals,  are  compacted  together  into  a 
stone,  hard  enough  to  be  used  for  building,  by  the  action  of  the  rain- 
?rater  dissolving  some  of  the  carbonate  of  lime,  and  re-depositing  it  on 
evaporation.  Curious  cylindrical  stems,  from  one  inch  to  eighteen 
inches  in  diameter,  are  there  seen  projecting  from  the  soil,  and  have 
been  taken  for  petrified  trees,  which  they  greatly  resemble  ;  but  I 
observed,  in  1842,  a  number  of  these  supposed  trees  exposed  in  a  little 
cove,  south  of  the  entrance  of  Swan  River,  ending  downwards  in  taper- 
ing forms  like  stalactites  ;  and  I  believe  them,  therefore,  to  have  a 
Btalactitic  origin,  due  to  the  percolation  of  water  down  particular  pipes 
and  channelB  in  the  sand. 

"In  the  interior  of  great  dry  continents  there  are  great  vast  spaces 
covered  with  sand  and  sand-hills,  which  are  shifted  and  carried  about 
by  the  wind,  just  as  some  sandbanks  are  deposited  now  here  now  there, 
carried  about  by  the  water.  We  have  but  to  recall  to  the  mind  of  the 
reader  the  well-knoMrn  stories  of  caravans  crossing  the  desert,  being  met 
and  sometimes  overwhelmed  by  moving  columns  of  sand,  and  the  way 
in  which  many  of  the  temples  of  Egypt  have  been  buried  under  such 

*  De  U  B«ch6't  Manual  t  Geikio't  Scenery  qf  Scotland,  p.  74. 
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accumulations,  for  him  to  see  that  this  action  cannot  be  altogether 
overlooked.  Eg^'pt  would  probably  have  been  long  ago  obliterated  by 
drift-sand,  if  it  had  not  been  for  the  Nile,  and  the  atrip  of  vegetation 
that  accompanies  and  defends  it"  *  Mr.  Palgrave  has  given  a  graphic 
narrative  of  the  great  sandy  deserts  and  hills  of  Arabia,  while  Captain 
Sturt  reports  the  existence  of  vast  deserts  of  sand  in  the  interior  of 
Australia,  with  long  lines  of  great  sand-hills,  200  feet  high,  the  base 
of  one  touching  that  of  its  neighbours,  and  all  stretching  in  straight 
lines  each  way  to  the  horizon. 

Dust-sliowers,  Blood-rain. — In  hot  countries,  subject  to  great 
droughts  and  to  violent  hurricanes,  the  dust  and  sand  of  dried  lakes 
and  river-beds  is  sometimes  swept  up  into  the  upper  regions  of  the 
atmosphere,  where,  encountering  some  strong  aerial  current,  these  fine 
transported  materials  are  carried  for  hundreds  and  even  thousands  of 
miles,  and  descend  again  to  the  surface,  in  far-distant  regions,  in  the 
form  of  "  red-fog,"  "  sea-dust,"  "  sirocco-dust,"  or  blood-rain."  This 
far-carried  dust  is  of  a  brick-dust  or  cinnamon  colour,  and  is  sometimes 
so  abundant  as  to  darken  the  air  and  hide  the  sun,  and  to  cover  with  a 
thick  coating  the  sails  and  rigging  of  vessels  which  may  even  be  hun- 
dreds of  miles  from  land.f  If  the  dust  encounters  rain,  it  mixes  with 
it,  and  falls  either  on  sea  or  land  as  what  is  popularly  called  **  blood- 
rain."  It  is  common  on  the  north-west  of  Africa,  about  the  Cape 
de  Verd  Islands,  also  in  the  Mediterranean  and  its  bordering  countries. 
A  microscopic  examination  of  this  dust,  by  Ehrenberg,  has  shown  that 
it  is  largely  made  up  of  diatoms  of  South  American  species,  and  he 
infers  that  a  dust-doud  must  be  "  constantly  swimming  in  the  atmo- 
sphere, by  means  of  continuous  currents  of  air,  and  lying  in  the  r^on 
of  the  trade- winds,  but  suffering  partial  and  periodical  deviations."  It  is 
easy  to  see  that  a  prolonged  continuance  of  this  action  must  give  rise  to 
wide-spread  deposits  of  dust,  mingled  with  the  soil  of  the  land,  and  with 
the  silt  and  sand  of  lakes,  rivers,  and  the  sea  ;  and  that  the  minuter 
organisms  of  tropical  regions  may  thus  come  to  be  preserved  in  the  same 
formations  with  the  terrestrial  or  marine  organisms  of  temperate  lati- 
tudes.}: 

Transportation  of  Seeds. —  Tlie  same  cause  by  which  dust  and 
minute  animal  or  vegetable  organisms  are  carried  to  a  distance  of  many 
thousand  miles  through  the  air,  may  come  into  play  sdso  in  the 
transport  of  living  seeds,  which,  if  they  finally  reach  a  congenial 
climate  and  soil,  may  take  root  and  propagate.  We  are  yet,  however, 
very  ignorant  as  to  what  extent  tliis  cause  has  actually  operated  in  the 
establishment  of  any  given  local  flora. 

*  Juke«,  in  last  edition  of  this  Manual        f  Manry,  Phffsical  Geography  o/Ou  Sm,  p.  145. 
t  See  Humboldt's  account  of  the  dust  whirlwinds  of  the  Orinoco,  in  his  JipecU  aflfatvTt; 
also  Maury,  Op.  eit.  chap.  vi. ;  and  EhrenbeiK*i  work,  P<u$cU-Staub  wad  mMt-Btgen.   1847. 


CHAPTER  XXII. 

OEOLOaiCAL  ACTION  OF  PLANT  AND  ANIMAL  LIFE. 

Apart  from  their  own  interest  in  relation  to  the  history  and  distribu- 
tion of  life  upon  the  globe,  plants  and  animals  may  be  regarded  as 
geological  agents,  producing  by  their  growth  and  decay  certain  not  un- 
important geological  results.  We  may  consider  these  results  briefly, 
under  the  heads  of  Destructive,  Conseryative,  and  Reproductive  Action. 

a.  DeBtmotive  Action. 

Planta  bring  about  the  destruction  of  rocks  and  soils  in  several 
ways — Ist,  Their  roots  exert  a  direct  mechanical  force  when  they 
insert  themselves  into  the  joints  and  crevices  of  rocks,  and  cause  frag- 
ments, sometimes  of  considerable  size,  to  be  detached.  We  see  the 
same  action  at  work  when  a  tree,  which  has  found  footing  in  the  wall 
of  an  old  building,  sends  its  roots  through  rifts  of  the  ruin  and 
loosenB  large  irregular  pieces  of  the  masonry.  2d,  Plants,  such  as 
mosses  and  liverworts,  keep  the  rocks  moist  on  which  they  grow,  and 
enable  water  to  lodge  upon  their  rock-surfaces  and  rot  them.  3d,  The 
decay  of  plants  of  all  kinds  gives  rise  to  the  formation  of  carbonic 
acid,  part  of  which,  being  absorbed  by  rain-water,  is  carried  down 
through  the  soil,  and  is  one  of  the  great  agents  in  effecting  the  decay 
and  chemical  changes  of  rocks.  4th,  Thick  woods  and  deep  mosses 
are  said  to  attract  rain,  and  if  so,  they  indirectly  tend  to  increase  the 
amount  of  denudation  in  a  country. 

Anlmalii  exercise  a  less  markedly  destructive  action  upon  the  sur- 
face of  the  earth.  The  most  familiar  examples  of  this  action  are 
furnished  to  us  by  the  smooth  long  cylindrical  holes  made  in  shore 
rocks  by  the  boring-shells,  and  in  the  timber  of  wooden  piers  or  ships 
by  the  teredo.  Local  changes  are  sometimes  brought  about  where  the 
course  of  a  stream,  or  the  drainage  of  a  district,  is  affected  by  the  con- 
structions of  the  beaver,  or  the  burrowing  habits  of  the  rabbit,  mole, 
etc 

/3.  Ck>nBervative  Action. 

Plants  help  to  preserve  the  surface  of  the  land — 1st,  By  the  for- 
mation of  a  stratum  of  turf,  which  prevents  loose  soil  from  being 
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rapidly  washed  away  by  rains,  rivulets,  and  rivers,  and  keeps  rocb 
from  being  so  exposed  to  weathering  as  they  would  otherwise  be.*  2il, 
By  binding  loose  materials  with  roots,  rootlets,  and  fibres,  as  is  done 
by  the  caricfs  upon  loose  sandhills,  and  by  the  roots  of  shrubs  and 
trees  along  the  margin  of  a  watercourse.  3d,  By  opposing  resistance 
to  the  destructive  action  of  floods  and  avalanches.  This  is  done  hj 
forests  and  thickly-matted  underwood,  whereby  the  loose  materiaU, 
mud,  leaves,  etc.,  swept  doiiv-n  by  inundations,  are  caught  and  retained, 
and  made  to  increase  the  depth  of  soil  and  to  resist  the  encroachments 
of  subsequent  floods  ;  also,  by  the  same  agency,  masses  of  descending 
snow  are  arrested  and  kept  from  descending  into  and  destroying  the 
cultivated  valleys  below.  Most  visitors  to  Switzerland  will  remember, 
among  others,  the  Bannwald  of  Altorf,  which  is  carefully  guarded  tf 
a  protection  from  the  falls  of  snow  and  rock  from  the  overhanging 
mountains. 

AnimalB  do  not  exert  any  material  conservative  action  upon  tbe 
surface  of  the  earth,  except  in  so  far  as  they  form  new  deposits — an 
action,  however,  which  falls  to  be  described  in  the  following  pan- 
graphs. 

7-  Heproduotive  Action. 

Not  only  do  plants  and  animals  help  in  various  ways  both  to 
disintej^rate  and  to  preserve  the  present  surface  of  the  earth,  they  form, 
by  the  accumuLUion  of  their  remains,  new  deposits  of  great  geological 
importance.  This  action  has  also  been  in  progress  from  the  earliest 
geological  times,  and  has  given  rise  to  almost  all  the  limestone  for- 
mations of  the  globe,  as  well  as  to  others  of  much  interest  and  value 
in  geological  history.  To  trace  the  geographical  distribution  of  plants 
and  animals,  their  relation  to  climate,  and  the  conditions  which  are 
favourable  or  not  to  their  development,  belongs  to  natural  histor}'  rather 
than  to  geolog}'.  But  some  remarks  will  be  offered  on  these  questions 
in  the  part  of  this  Manual  which  treats  of  palaeontology.  In  the 
meantime  we  are  concerned  only  with  the  mode  in  which  plants  and 
animals  make  new  formations  over  the  surface  of  the  globe. 

Plant  Formations. — In  temperate  and  arctic  climates  certain  plants 
{sphagnum^  etc),  fonn  in  moist  hollows  and  level  spaces  inide  and  deep 
accumulations  of  their  remains,  to  which  the  name  of  peat-mosses  or 
bogs  is  applied.  The  roots  of  these  plants  decay,  while  the  upper  sur- 
face continues  to  grow  ;  and  in  this  way  deposits  of  peat,  10,  20, 
or  even  40  feet  in  thickness  are  formed.  The  peat  is  loose  and  fibrous 
at  the  top,  but  becomes  firmer  further  down,  till  at  the  bottom  of  a 

*  See  Elie  de  Beaumont's  Lt^na  de  Ghlogie  PratUjue,  1843,  tome  i.  p.  135  et  $eq.  The 
conservative  etfects  of  turf  are  much  exaggerated  by  many  writers,  as,  for  example,  by  M. 
de  Beaumont  in  tbe  work  Just  cited.  His  arguments  are  given  in  Chapter  XXV.  of  thii 
ManoaL 
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deep  moss  it  is  sometimes  so  compact  as  to  resemble  brown  lignite. 
There  are  some  large  mosses  in  the  British  Islands ;  and  they  are  said  to 
M)ver  about  a  tenth  of  the  surface  of  Ireland.  They  are  extensively 
developed  also  in  some  parts  of  France,  in  the  United  States,  and  in 
Canada. 

Some  of  the  British  mosses  are  believed  to  have  been  formed  by 
the  extensive  destruction  of  forests  by  human  agency,  from  the  time  of 
the  Romans  downwards.  Others  have  arisen  from  the  destruction  of 
forests  by  storms.  In  such  cases,  the  marsh  plants  spring  up,  owing  to 
the  way  in  which  the  prostrated  trees  interrupt  the  drainage  of  the 
country,  and  the  trunks  are  gradually  enveloped  in  and  buried  under 
a  growth  of  peat  Many  peat-mosses  have  evidently  at  one  time  been 
lakes,  the  water  having  been  gradually  displaced  by  the  growth  of 
vegetable  matter. 

Men  and  animals  are  often  lost  in  soft  swampy  peat-bogs.  The 
peat  has  an  antiseptic  property,  whereby  the  flesh,  skin,  and  hair,  as 
wrell  as  the  bones  of  animals,  are  preserved,  or  sometimes  in  part  con- 
fr'erted  into  adipocere.* 

The  mangrove  swamps  of  tropical  countries  are  another  instance 
)f  the  gradual  displacement  of  water  and  increase  of  land  by  the 
^wth  and  decay  of  vegetables.  These  swamps  perhaps  furnish  the 
learest  parallel  at  present  existing  to  the  way  in  which  coal  was 
'ormed.  Chemical  analysis  shows  that  a  gradation  can  be  traced  from 
he  composition  of  ordinary  wood  through  peat  and  lignite  to  the  most 
nineralised  forms  of  coaL 

The  following  Table  contains  the  mean  composition  of  wood,  the  mean  of  three 
nalyses  of  peat,  of  four  sets  of  analyses  of  lignite,  comprising  twenty  specimens, 
•f  sixty-seven  smalyses  of  coal,  and  the  extreme  of  several  analyses  of  different 
dnds  of  anthracite,  f 


Composition  of  Carbonaceous  Substances. 


Carbon. 

Hydrogen. 

Oxygen  and 
Nitrogen- 

Earthy  Substances 
or  Aslu 

Wood 
Peat  . 
Lignite 
Coal  . 
Anthracite  . 

491 
541 
69-3 
821 
950 

6-3 
6-6 
6-6 
6-5 
8-92 

44-6 
40-1 
25-3 
12-4 
3-45 

Min.         Max. 

4-6    to  10-0 
0-8    to  47-2 
0-24  to  35-5 
0-94  to    7-07 

•  For  accounts  of  peat  and  mosses,  see  Ronnie's  Essays  on  Peat,  1810 ;  Steele's  Peat- 
moss  or  Turf-hog,  1826 ;  Qeikie's  Scenery  of  Scotland,  p.  327  ;  Mr.  James  Geikie  "  On  Peat," 
Trans.  Roy.  Soc  Edin.  vol.  xxiv.  p.  363. 

t  BUchof,  Op.  cU.  vol  i  chap.  xv. 
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Animal  FormationB. — The  softer  parts  of  animal  oi^ganisms  almost 
always  decay,  and  are  resolved  into  water,  ammonia,  carbonic  acid,  etc 
The  harder  parts,  however,  often  acciunuLite  and  form  extenaTe 
deposits.  On  land  which  lies  in  a  rainless  or  nearly  rainless  tract,  the 
droppings  of  sea-birds  gather  into  thick  beds  of  what  is  known  as 
guano.  In  fre^h  water  the  remains  of  molluscs  and  calcareous  alge 
form  deposits  of  fine  white  calcareous  mud  called  marly  which,  on 
dried  lake-bottoms,  is  often  dug  for  agricultural  purposes. 

"  The  be<b  of  the  lakes  in  the  limestone  districts  of  Ireland  have  often  a  thick 
deposit  of  white  mud,  which,  when  dry,  is  almost  like  flour  in  appearance,  and  is 
wholly  soluble  in  acids.  It  is  full  of  undecom posed  fresh-water  shells  of  oidintiy 
hTing  species,  but  does  not  itself  disclose  any  trace  of  an  organic  origin.  Mj 
friend.  Dr.  J.  Barker,  of  Dublin,  subjected  some  of  it,  at  my  request,  to  a  carefnl 
microscopical  examination,  but  could  discover  no  trace  of  organic  stractare. 
Around  lakes  that  have  been  partially  drained,  laige  deposits  of  this  substance, 
several  feet  in  thickness,  may  be  seen  ;  and,  in  sounding  some  of  the  lakes^  I 
usually  found  the  lead  sank  into  and  came  up  partially  coated  with  this  nb* 
stance. 

"In  some  parts  of  the  shores  of  the  lakes  there  are  accumulations  of  small 
nodular  concretionary-looking  balls  of  about  half-an-inch  in  diameter,  which  Dr. 
Allman,  of  Edinburgh,  told  me  were  a  species  of  nullipore.  It  is  only  in  the 
lakes  in  limestone  districts  that  this  deposit  is  conspicuous."* 

In  the  sea  animal  remains  form  much  more  important  deposits 
than  on  land  or  in  fresh  water.  The  accumulation  of  shells  and 
corallines  gives  rise  to  the  fonnation  of  shell -limestone.  The  droppings 
of  fish,  and  the  shells  of  lingulae,  and  some  other  molluscs,  form  phos- 
phatic  nodules.t  Calcareous  furaminifera  exist  in  such  nimibers  on 
some  parts  of  the  ocean-floor  as  to  form  there  enormous  deposits  of  a 
chalky  mud,  which  closely  resembles  chalk  in  character  and  origin, 
and  which,  according  to  Professor  Wyville  Thomson,  may  really  have 
been  formed  continuously  ever  since  the  cretaceous  period  by  the 
lineal  descendants  of  the  organisms  which  formed  the  chalk.  Siliceous 
diatoms,  along  with  the  spicula)  of  sj>onges,  furnish  the  materials  for 
siliceous  layers  and  nodules,  like  the  flints  of  the  chalk.  Lastly,  enormoW 
masses  of  limestone  are  formed  along  the  margins  of  islands  and  conti- 
nents, and  over  submerged  land,  by  the  coral -polyps.  The  following 
details  X  may  be  of  interest  to  the  student  : — 

Siliceous  Deposits. — To  account  for  the  deposition  of  silica  on  the  bed  of 
the  sea,  where  evaj^oration  is  not  |K>S8ibIe,  we  are  compelled,  as  in  the  case  of 
limestone,  to  call  in  the  aid  of  the  powers  of  animal  life.  The  minute  shells  of 
many  of  the  Foraininifcra,  as,  for  instance,  the  Polycystinct^  are  composed  of 
silica,  which  they  have  extracted  from  the  water  of  the  sea.  §  Some  kinds  of 
rock,  such  as  Tripoli,  or  polishing  slate,  are  entirely  made  up  of  these  microscop* 

•  MS.  by  Mr.  Jukes.  t  Soc  au/e,  p.  813,  note.  X  By  Mr.  Jukes. 

t  There  is  a  sandstone  in  Barbadoes  which  prevails  through  an  extensive  district  in  that 
island,  which  is  composed  of  the  siliceous  skeletons  of  Polycystina^  more  or  less  tirmlf 
united  by  a  calcareous  cement  (Carpenter's  ForaminifeTa,  Roy.  Soc  p.  21). 
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■ODM  iMds  thw  fonned  being  many  fathoms  in  thicknett  and  many 
in  eztcnL  All  teas,  from  the  equator  to  the  poles,  abound  with  these 
oiganisma.  Theyhaire  been  foimd  living  even  in  ioe.  The  phosphox^ 
•  of  the  sea  is  doe  to  the  presence  of  oiganic  beings,  a  lazge  proportion  of 
•re  silioeoos-cased  inAisoria,  whether  belonging  to  the  animal  or  vegetable 
According  to  Ehrpnberg,  there  are  formed  annually  in  the  mad 
in  the  harbour  of  Wismar,  in  the  Baltic,  17,946  cubic  feet  of  siliceous 
Although  it  takes  a  hundred  millions  of  these  animalcules*  to  weigh 
Ehrenbeig  collected  a  pound  weight  of  them  in  an  hour.  So  prolific  are 
r^  moreover,  that  "  a  nof^  one  of  these  animalcules  can  increase  to  such  an 
during  one  month,  that  its  entire  descendants  can  form  a  bed  of  silica  25 
miles  in  extent,  and  1}  foot  thick."  As  a  paraUel  to  Archimedes,  who 
he  oould  move  the  earth  if  he  had  a  lever  long  enough,  we  may  say  : — 
us  a  mailed  animalcule,  and  with  it  we  will  separate  aU  the  carbonate 
and  silica  from  the  ooesn."  The  silica  thus  rendered  solid  may  either 
alone,  or  may  be  mingled  with  the  calcareous  matter  deposited 
bed  of  the  sea.  If  the  siliceous  be  diffused  in  a  fine  state  of  division 
ftsy  •q[naDy  through  the  calcareous  matter,  it  may  perhaps  be  consoUdstod  in 
K  atale  of  diffusion,  producing  a  siliceous  limestone,  or  it  may,  in  obedienoe  to 
■fa  chemical  laws,  si^gregate  itself,  more  or  less  completely,  frtim  the  calcaraous 
•faSf  and  form  either  distinct  layers  and  veins,  or  concretionaiy  balls  and  nodules. 
*  'Msence  of  a  body,  itself  consisting  largely  of  silica,  such  as  many  sponges, 
L  rarilitate  and  determine  this  process,  affording  a  centre  of  attraction  for  the 
^0ous  particles  to  collect  around  it  from  the  adjacent  matter. 
The  small  proportion  which  the  siliceous-cased  animalcules  bear  to  those  that 
K*i6  calcareous  matter,  explains  the  fact  that  the  siliceous  rocks,  to  which  we 
^  attribute  an  organic  origiD,  rarely  occur  in  large  continuous  masses,  but  are 
^Qy  dispersed  in  nodular  concretions,  or  thin  layers,  through  the  mass  of  the 
PMeous  or  other  rocks. 

Ofeleareoiia  DexK>sits. — The  shells  of  Molluscous  animals  consist  chiefly  of 
■••als  of  lime,  so  do  the  crusts  of  the  Crustacea  and  Echincdermata,  and  as 
^dMsod  still  lower  to  the  Polyps  and  Foraminifera  we  meet  with  animals  that 
jfats  still  larger  quantities  of  that  substance,  not  only  larger  in  proportion  to 
P^  own  bodies,  but  much  larger  absolute  bullLS  of  it,  in  consequence  of  their 
^boa.  Although  the  quantity  of  carbonic  acid  gas  in  the  sea  is  so  great  as  to 
l^iiid  all  the  lime  which  is  already  dissolved  in  it,  and  even  a  good  deal  more 
Wsoffldent  for  that  purpose,  yet  it  does  not  immediately  exercise  its  solvent 
I^Ms  on  the  carbonate  of  lime  that  has  been  secreted  by  the  organs  of  animals, 
|M  the  oiganic  structure  seems  to  protect  it,  for  a  time  at  least,  from  the  merely 
■Biesl  action  of  the  acid.  Moreover,  the  concentration  of  so  large  a  propor- 
Mate  mass  of  carbonate  of  lime  in  comparatively  small  spaces,  would  require  a 
tf-eoBtinued  action  of  currents  of  sea-water  upon  it,  in  order  to  re-dissolve  it, 
M  no  portion  of  water  could  remove  more  than  one-tenth  per  cent  of  its  own 
But 

In  the  extra-tropical  seas,  it  would  seem  probable  that  Foraminifera  and  other 
•d  animals  are  the  most  active  agents  in  the  secretion  of  carbonate  of  lime. 
tte  scries  of  sounding  operations  conducted  across  the  Atlantic  by  the  officers 
llie  British  and  United  States  navies,  preliminary  to  laying  down  the  electric 
fKI^  it  was  found  that  laige  parts  of  the  bed  of  the  Atlantic  were  covered 
k  a  ealeareous  **  oaze."  Between  the  16th  and  45th  degrees  of  west  longitude 
tba  deepest  part  of  the  ocean  between  Ireland  and  Newfoundland,  varjring 

Im  jutmg  the  tenns  "  aninalcales  **  and  "  inftisorla,*'  it  oust  be  boma  in  mind  that 
fiyieCs  BOW  bsttefe  many  of  them,  such  as  the  Dlatomacec,  to  be  vegetables. 
Bisekoi;ToilU.p.  171. 

2o 
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from  about  1500  to  2400  fathoms,  the  bottom  of  which  is  almost  wholly  composed 
of  a  kind  of  soft  mealy  substance,  which  has  been  called  oaze.  This  substance  is 
remarkably  sticky,  having  been  found  to  adhere  to  the  sounding  Tx>d  and  line 
through  its  pa.ssage  from  the  bottom  to  the  surface,  in  some  instances  from  a 
depth  of  more  than  2000  fathoms.  The  space  indicated  equals  a  distance  of 
more  than  1300  miles,  in  which  all  the  dredgiugs  except  two  indicated  the  same 
kind  of  bottom.* 

Professor  Huxley  gives  a  description  of  the  oaze  derived  from  depths  between 
1700  and  2400  fathoms  (or  10,200  and  14,400  feet).  He  says,  "A  singular  uni- 
formity of  character  per\ades  these  soundings.  As  they  lie  undisturbed  they  form 
an  excessively  fine  light  brown  muddy  sediment  at  the  bottom  of  the  bottles  in  which 
they  are  presen'ed  ;  but  in  this  mud  a  certain  slight  grittiness  can  be  detected, 
arising  from  the  intermixture  of  minute  hard  particles  (hardly  ever  exceetling  l-50\h 
of  an  inch  in  diameter).  .  .  .  When  a  little  of  this  mud  is  taken  out  and  thorougblv 
dried,  it  becomes  whit«  or  reddish-white,  and  (though  less  white)  closely  resembles 
very  fine  chalk,  and  fully  nine-tenths,  as  I  imagine,  by  weight  of  this  deposit 
consists  of  minute  animal  organisms  called  Foraminifera,  provided  with  thick 
skeletons  coniiM)8ed  of  carbonate  of  lime.  Hence,  when  a  dilute  acid  is  added  to 
the  mud,  a  violent  effer>'escence  takes  place,  and  the  greater  part  of  its  bulk  dis- 
appears." Professor  Huxley  believes  that  85  per  cent  of  the  whole  belong  to  one 
species  of  the  genus  Globigerina,  5  per  cent  to  other  calcareous  organisms  of  »t 
most  four  or  five  species,  and  the  remaining  10  per  cent  consists  partly  of  minute 
granules  of  quartz,  and  partly  of  animal  and  vegetable  (diatomacese)  organisnis 
provided  with  siliceous  skeletons  juhI  envelopes.  + 

It  will  be  seen,  therefore,  that  the  materials  for  a  continuous  bed  of  limestone 
with  tlint  nodules  are  now  being  deposited  in  the  North  Atlantic  over  a  space 
which  is  IJiOO  miles  in  diameter,  a  distance  ecjual  to  that  from  the  west  coast  of 
Ireland  to  the  bonlei-s  of  llussia,  or  from  Paris  to  Constantinople.  In  the  second 
paiiii»hlet  by  (Captain  Dayman,  published  in  1^59,  describing  the  line  of  soundings 
taken  to  the  Azores  in  1858,  he  states  that  he  found  precisely  similar  oaze  nearly 
down  to  latitude  45**,  so  tliat  the  deix)sit  appears  to  be  at  least  000  miles  bn^ad. 

Carol  Rcp/h. — The  solidification  of  carbonate  of  lime  by  tlie  forces  of  life  thus 
discovered  to  he  going  on  in  the  depths  of  the  North  Atlantic,  is  doubtless  equally 
active  in  the  other  oceans,  l)oth  within  and  without  the  tropics.  In  many  parts 
of  tlie  intertropiwd  regions  of  the  world,  however,  esj>ecially  in  the  Indian  and 
Pacific  Oceans,  another  class  of  animals,  namely,  the  Actinoz(»a,  produce  stiU 
greater  eflVcts.  These  are  merely  soft  gelatinous  animals,  consisting  of  little  else 
than  a  small  sac  or  stomach,  with  tentacles  arranged  round  its  margin  to  assist  in 
supplying  it  witli  food.  The  Actinia  or  Sea  Anemone  is  a  well-known  example  of 
these  animals.  Soitie  kinds  of  them  form  a  common  body,  by  the  union  of  a  great 
numlier  of  individuals,  just  ns  a  number  of  individual  buds  exist  in,  or  grow  out 
of,  a  common  vegetable  body  or  tree  ;  the  compound  body  in  each  ca.se  increasing 


*  Captiiin  Dayiimn's  i>a;>  Sat  Dreiiijinij.<  (1S5S).  lie  says  that  this  is  *'  the  greatest  dip" 
or  steepest  inclination  '*  in  the  whole  North  Atlantic  Ocean,"  The  numbers  indicate 
ail  ••incline"  of  1200  fathoms,  or  2400  yards,  in  IS*  of  longitude,  which  in  latitude  S'J* 
may  be  taken  as  ver}'  nearly  equal  to  24,000  yards.  This  gives  an  inclination  of  1  in  10. 
or  about  6*,  a  slope  Which  is  exceeded  by  that  of  many  of  our  carriage  roads  on  dry  land. 
The  bed  of  the  North  Atlantic  has  more  recently  been  examined  in  much  greater  detail  by 
Dr,  Carjienter,  Professor  Wyville  Thomson,  and  Mr.  Gwyn  Jeffreys.  See  posteoj  Part  III., 
Paleontology. 

t  In  parts  of  the  tropical  seas  much  larjrer  species  of  Foraminifera  exist  in  great  abun- 
dance, as  the  author  used  frequently  to  bring  up,  when  dredging  off  the  N.E.  coast  of 
Australia,  bagful  after  bagful  of  orbitolites  (see  Carpenter's  Foraminifera,  Royal  Society,  p- 
105,  etc.) ;  and  the  sands  of  the  neighbouring  coasts  were  often  full  of  these  bodies. 
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onseqnence  of  the  multiplicatioo  and  growth  of  the  indiTidnals  belonging  to 
Almost  all  these  compound  Actinoxoa  or  Polyps,  as  they  used  to  be  called, 
ete  carbonate  of  lime^  forming  a  solid  compound  skeleton  or  fhuue-work, 
ad  CoraL 

In  most  tropical  seas  encrusting  patches  or  banks  of  living  coral  are  to  be 
ad  along  the  shores,  whererer  they  consist  of  hard  rock,  and  the  water  is  quite 
IT.     Theee  Mr.  Darwin  calls  Fringing  reefs. 

IT  tlie  slope  of  the  shore  be  steep,  these  Fringing  reefs  are  of  insignificant 
cnt,  since  the  animals  that  form  them  do  not  flourish  at  greater  deptiis  than 
rot  fifteen  fathoms,  and  the  largest  and  most  massive  kinds  seem  to  prefer  the 
Y  of  moving  water,  or  even  the  dash  and  roll  of  the  breakers  to  more  .tranquil 
libs.  Where  the  nature  and  slope  of  the  bottom  is  favourable,  a  Fringing  reef 
r  eoctend  a  mile  or  two  fh>m  the  shore,  and  the  whole  sea  become  choked  with 
■1  as  far  out  as  the  original  fifteen-fathom  line.  Dr.  Dana  says  they  do  not  live 
vater  that  ever  sinks  bolow  66**  F.,  which  may  be  one  reason  for  their  limit  of 
€^  and  also  a  reason  for  their  absence  from  certain  intertropical  coasts,  such 
bat  of  South  America,  which  is  swept  by  Antarctic  currents  of  cold  water,  so 
k  tile  temperature  of  the  sea  sinks  sometimes  to  58*  at  the  Galapsgos.  * 
Xa  the  Indian  and  Pacific  Oceans,  far  away  from  any  land,  huge  masses  of 
dl  rock  rise  up  from  vast  and  often  unknown  depths  just  to  the  level  of  low- 
■ar.  These  masses  are  often  unbroken  for  many  miles  in  length  and  breadth  ; 
Sinnips  of  such  masses,  separated  by  small  intervals  of  deep  water,  occur  over 
B«8  sometimes  of  400  or  500  miles  long,  by  50  or  60  in  width.  These  often 
■^  laige  irregular  rings  or  loops,  and  when  they  do  not  enclose  any  high  land 
f  aie  called  Atolls. 

^hen  the  reefs  encircle  or  front  high  land,  with  a  navigable  water-channel 
i^%en  the  land  and  their  outer  edge,  they  are  called  Barrier  reefs  by  Darwin. 
^  Bsirier  reef  along  the  north-east  coast  of  Australia  is  composed  of  a  chain  of 
^  masses,  and  is  about  1250  statute  miles  long,  from  10  to  90  miles  in  width, 
^Vltca  at  its  seaward  edge  from  depths  which  in  some  places  certainly  exceed 
^  fBeLi*  It  may  be  likened  to  a  great  submarine  wall  or  terrace  fronting  the 
Mb  north-east  coast  of  Australia,  resting  at  each  end  on  shallow  water,  but 
;  from  very  great  depths  about  the  centre,  its  upper  surface  forming  a  plateau, 
:firom  10  to  30  fathoms  in  depth,  which  is  studded  all  over  with  steep-sided 
masses  that  rise  up  to  the  level  of  low  water.  These  masses  vary  in  size 
pinnacles  to  an  area  of  ten  miles  in  length,  by  one  or  two  in  breadth, 
ililgUi  running  more  or  less  nearly  across  the  direction  of  the  prevailing  wind. 
irs  especially  numerous  and  most  linear  along  the  edge  of  the  great  bank  on 
they  rest,  the  passages  between  them  being  sometimes  two  or  three  miles 
but  often  very  narrow,  like  irregular  embrasures  opened  here  and  there 
^  the  parapet  wall  of  a  fortress.  These  "individual  reefs"  running  along 
ilovter  edge  protect  the  comparatively  shallow  water  inside,  and,  with  the 
ilBoiu  inner  reefs  that  ore  scattered  over  its  space,  make  it  one  great  natural 
ibovr.    An  idea  of  its  extent  may  be  gained  by  supposing  it  transferred  to  our 

art  of  the  world,  where  it  would  extend  from  Brest  across  the  mouths  of  the 
Channel  and  Irish  Sea,  round  the  west  coast  of  Ireland  to  the  extreme 
ll  point  of  Iceland,  or  curve  along  the  shores  of  Scotland  and  the  Shetland 
Ms  op  to  the  coast  of  Norway. 

la  the  deep  sea  around,  and  in  all  the  neighbouring  seas,  from  Torres  Straits 
tiis  Stanaits  of  Malacca,  wherever  '*  bottom"  is  brought  up  by  the  lead,  it  is 
•d  to  ba  a  very  fine,  almost  impalpable,  pale  olive-green  mud,  which  is  wholly 
Ala  is  diliite  hydrochloric  add.  This  substance,  when  dried,  would  therefore 
diffntnt  firom  chalk,  though  it  commonly  is  of  a  greener  Unge.    TVv\a 


•  Daaa'k  OpriBlJtot^lK.  99,  f  8oe  Vvyage  qf  B.MM,  Flf,  vol  L,  chapter  U. 
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fine  calcareous  mud  may  be  partly  derived,  like  the  oaie  of  the  North  Atlantic, 
from  the  calcareous  bodies  of  minute  animals ;  bat  much  of  it  is  doubtless  produced 
fh>m  the  waste  of  the  coral  reefs  themselves.  Some  fishes,  according  to  Mr. 
Darwin,  browse  upon  living  coral,  and  all  the  great  Holothuria  (or  Tripang),  so 
abundant  on  the  coral  reefs  of  the  Great  Barrier  and  elsewhere,  are  always  fidl  of 
coral  sand.*  The  mere  process  of  digestion,  then,  carried  on  by  these  and  other 
animals,  must  contribute  much  impalpable  calcareous  mud  to  the  a4jacent  seas. 

The  tidal  currents  among  the  "  inner  reefs,"  and  in  the  openings  of  the  Grett 
Barrier,  are  often  excessively  strong,  running  sometimes  with  an  impetuous  sweep, 
in  the  same  direction,  even  for  two  or  three  days  together,  especially  after  greit 
storms  have  driven  large  quantities  of  water  into  the  space  between  the  outer  edge 
and  the  land,  f  The  outer  edge  of  the  Great  Barrier  (and  the  windward  side  of  tU 
coral  reefs)  is  always  subject  to  the  battering  and  pounding  action  of  the  most 
tremendous  surf  that  can  be  imagined,  since  the  long  roll  of  the  ocean-swell  falls 
suddenly  on  the  up|)er  edge  of  the  great  submarine  wall,  dashing  upon  it  with 
almost  inconceivable  power,  and  roaring  over  the  surface  of  the  reef  in  huge 
breakers,  that  are  sometimes  felt  even  all  across  it.  At  high  tide  especially,  when 
the  wind  blovrs  strongly  on  the  reef,  a  vast  quantity  of  water  is  thus  thrown  into 
the  inner  lagoon,  which,  as  the  tide  falls,  scours  out  all  the  outer  channels  vtd 
passages.  Although  the  living  coral  flourishes  most  where  the  surf  is  heaviest, 
and  the  greatest  masses  of  Ma>andrina  and  Porites,t  c^d  other  gigantic  species,  live 
only  on  the  outer  edge  of  the  reef ;  yet  if  a  mass,  living  or  dead,  be  once  detached 
from  the  rest,  it  is  soon  acted  upon  by  these  breakers,  and  ultimately  triturated 
into  calcareous  sand  or  mud. 

In  a<Mition  to  the  Great  Barrier  just  spoken  of,  all  the  sea  between  Australia, 
New  Caledonia,  and  the  Louisiade,  is  infested  with  coral  i-eefs,  so  that  Flinders 
called  it  tlie  Ck>ral  Sea.  As  this  space  is  1000  miles  wide  and  broad,  we  have  here 
an  area  of  something  like  a  million  of  square  miles  over  which  carbonate  of  lime 
has  been  consolidated  into  great  sheets  and  bank -like  masses,  which  are  in  some 
parts  at  least  more  than  1000,  probably  more  than  2000,  feet  in  thickness. 

Consolidation  of  the  Materials  of  Coral  Reef  a. — Those  coral  reefs  which  roaj 
be  called  living  reefs,  consist  of  living  corals  only  in  parts  of  their  upper  surfact, 
and  along  their  outside  rim,  the  living  part  being  a  mere  tUm  compared  with  their 
whole  bulk.  All  the  interior  is  composed  of  demi  corals  and  shells,  compacted 
together  by  calcareous  sand  and  mud,  derived  from  the  waste  of  other  corals  ind 
shells,  and  by  countless  myriads  of  minute  calcareous  organisms.  The  living  pait, 
even  of  the  upper  surface  of  the  reef,  is  that  only  which  is  never  drj'  at  low  water. 
The  part  which  is  then  exposed  is  composed  of  mere  stone,  often  capable  of  heing 
lifted  in  slabs,  bearing  no  small  resemblance  to  some  of  our  oldest  limestones. 
These  sla])s  and  blocks,  when  broken  open,  are  frequently  found  to  have  a  cnstal- 
line  stnicture  internally,  by  which  the  organic  structure  of  the  corals  and  shells  is 
more  or  less  disguised.  A  coral  reef,  then,  of  which  a  part  is  still  living  and  ia 
process  of  formation  above,  may  internally  consist  of  solid  crystalline  limestone. 


•  Darwin,  Cwal  Rte/n,  p.  14.  t  Voyage  of  H.M.S.  Fly,  vol.  i.,  p.  19. 

t  Rounded  masses,  or  solid  stools  of  Mtbandrina,  of  6  or  8  feet  in  diameter,  are  comnw* 
among  the  detached  blocks  rolled  up  from  the  outer  slope  on  to  the  reef.  They  may  1* 
seen  just  inHide  the  surf,  at  low  water,  from  a  distance  of  one  to  two  nnles,  and  are  spokea 
of  by  Flinders  as  "Turks'  Heads."  I  once  landed  close  to  the  edge  of  the  Barrier,  onll>* 
south  side  of  the  Blackwood  Channel,  in  south  latitude  IT  45',  on  a  continuous  mas*  o( 
Poritcs,  which  was  at  least  20  feet  across,  and  seemed  to  pa«s  downwards  into  the  massrf 
the  reef  below  water  without  any  disconnection.  It  was  worn  into  pinnacles  alwve,  *> 
that  two  or  three  of  us  could  stand  in  the  different  hollows  without  seeing  each  other. 
This  formed  part  of  a  line  of  such  masses  that  attracted  our  attention  from  a  distanced 
three  miles.    They  arc  marked  as  "rocks  dry  at  h:gk  water  "  in  the  charts. 
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A  the  upper  eoiiiMee  of  eome  cond  leefii  tmall  eandy  ielends  are  formed, — the 
•and  beiog  drifted  by  the  winde  and  waves  till  it  forms  a  bank  reaching  above 
vster  marie.  In  some  of  these  islands,  the  rounded  calcareous  gn^  are 
1  together  into  a  solid  stone  by  the  action  of  rain  water,  which  dissolves  some 
I  cartwnate  of  lime  as'it  Calls,  but,  being  shortly  evaporated,  re-deposits  it  again 
ft  Ibrm  of  a  calcareous  cement  The  stone  thus  formed  is  like  a  cake  resting 
still  incoherent  sand  below.  Some  of  this  stone,  which  was  used  for  building 
Mm  tower  on  Raines*  Islet,  to  mark  an  opening  in  the  Great  Barrier  reef^  pre- 
d  very  distinct  examples  of  the  oolitic  texture,  little  minute  grains  and  paitioles 
I  enveloped  in  one  or  two  concentric  coats,  like  the  coats  of  an  onion,  l^iat 
■fcooe  was  not  consolidated  under  water  iii  proved  by  nests  of  turtles'  eggs 
I  found  imbedded  in  it,  evidently  deposited  by  the  animal  when  the  sand  was 
^  water,  and  was  stiU  loose  and  incoherent 

hUi  cond  reefs,  in  the  Islands  of  Timor  and  Java,  are  internally  almost  as 
ft  sad  firiable  as  chalk,  though  they  have  fluently  a  rougher  and  grittier 
toi^  and  weather  Uack  outside.  The  weathered  surfaces  of  these  Umettones, 
ifcit  a  height  of  two  or  three  hundred  feet  above  the  sea,  with  their  embedded 
b  of  all  descriptions,  including  a  Tridacna  of  one  or  two  feet  in  diameter,  dliTer 
Kftmpect  fh>m  some  of  the  surfaces  of  the  Great  Barrier  reef^  where  exposed 
Qv  water,  *  though  no  one  who  is  not  Cuniliar  with  coral  reefii  would 
Nn  them  to  have  had  such  an  origin.  Dr.  Dana  insists  strongly  on  "the 
M  compactness  and  freedom  fh>m  fossils  of  a  large  portion  of  the  coral  rock, 
Ki^  made  within  a  few  hundred  feet  of  living  corals  and  shells ;"  and  also 
ma  the  **  oolitic  structure  of  part  of  this  compact  kind.'*  f  He  speaks  of  one 
'  of  coral  rock  as  "  a  fine-grained,  compact,  and  clinking  limestone,  as  solid  and 
•like  in  fracture  as  any  Silurian  limestone,  and  with  rarely  a  shell  or  fhtgment 
HtVt  I  can  corroborate  these  observations,  as  nothing  struck  me  more  when 
^  on  coral  reefs  than  the  great  resemblance  of  the  slabs  lying  about  to  those 
bo  surface  of  the  limestone  quarries  near  Dudley.  § 

Voided  by  these  facts  and  observations,  we  may  form  tolerably  accurate  notions 
te  mode  of  origin  of  all  our  marine  limestones,  and  attribute  to  them  an  organic- 
kiesl  origin,  tiUring  into  account,  at  the  same  time,  how  easily  they  may  have 
sabsequently  alt«^  in  structure  or  texture  by  the  metamorphic  action  either 
iter  or  of  heat  We  must  also  bear  in  mind  that  although  the  carbonate  of 
may  have  been  secreted  and  brought  into  a  solid  form  from  its  aqueous  solu- 
by  the  action  of  animal  life,  yet  that  the  original  form  it  thus  received  has 
letained  in  only  a  small  "part  of  it,  the  great  mass  having  been  subjected  to 
''•^^iftni^l  actions  of  erosion,  trituration,  and  transport,  to  a  greater  or  lesser 
It,  in  the  process  of  its  conversion  into  calcareous  mud,  and  deposition  as  beds 
nestone,  as  well  as  to  the  metamorphic  action  of  carbonated  water. 

Bnmmaxy. — PlaDts  living  on  the  land  extract  carbon  from  the  air 

Qiineial  subetances  from  the  soil,  and,  under  favourable  circumstances, 

r  remains  gather  into  new  formations  as  turf  and  peat 

4nimft1g  assimilate  into  their  own  bodies  the  organised  substance  of 

ts,  and  in  the  lower  grades  of  the  animal  kingdom  secrete  large 

les  of  carbonate  of  Ume,  silica,  and  other  mineral  compounds  from 

r&^agt  pfB,M.S.  Fly.  t  Dana's  JfaiUMiZ,  p.  624.  %  Ih.,  p.  817. 

it  aunt  not  be  supposed  that  the  thin  and  comparatively  Intigniflcant  calcareous 
ia  the  SUnrisn  rocks  ever  deserved  the  name  of  coral  reefs,  or  that  even  the  carbon- 
s  limestone  was  chiefly  derived  from  corals.  The  animals  that  are  now  the  main 
ears  eC  Uaestone  in  some  parts  of  the  world  are  those  which  form  corals»— the 
Ja  that  were  the  main  producers  of  limestone  in  some  parts  of  the  world  Vn\^e  eax- 
period  were  the  erinoidt  or  ses-lOfos. 
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the  inorganic  world.  To  a  small  extent  upon  land  and  in  £reeh  water, 
bat  on  a  great  scale  npon  the  floor  of  the  ocean,  the  skeletons,  shelU, 
and  other  exuvias  of  f^niTnalH  gather  into  vast  formations  of  stratified 
lock. 

Mineral  matter  is  thus,  after  being  subject  to  the  destructiye  agencj 
of  mechanical  force,  and  after  apparently  disappearing  under  that  of 
chemical  action,  brought  back  to  the  solid  form  hj  the  power  of  life, 
and  haying  served  the  purposes  of  organic  beings  is  delivered  over  again, 
as  dead  matter,  to  perform  the  same  round  of  service  at  some  future  and 
perhaps  far  distant  period.  We  build  our  houses  by  aid  of  mateiiili 
derived  from  animals  that  perished  thousands  of  ages  ago,  and  we  warn 
and  light  them  from  those  of  equally  long  perished  plants,  restoring  to 
the  atmosphere  the  carbon  that  originally  floated  in  it,  and  giving  bick 
to  the  dust,  and  then  to  the  waters  of  the  earth,  the  lime  that  wai 
formerly  dissolved  in  them. 


CHAPTER   XXIII. 

CIRCULATION  07  WATER  UPON  THE  LAND. 

from  the  action  of  the  nndergTonnd  forces,  already  considered, 
is  the  great  agent  by  which  the  surface  of  the  globe  is  altered. 
is  a  ceaseless  circulation  of  water  between  land  and  sea,  sea  and 
^ ;  and  by  means  of  this  circulation  the  solid  land  is  worn  away, 
leys  are  excavated,  and  the  debris  is  carried  out  into  the  ocean,  there 
be  accumulated  into  fresh  strata,  which  shall  eventually  be  raised 
3  new  land.  The  vapour  raised  by  solar  heat  from  the  earth's  surface 
&•  into  the  atmosphere,  condenses  there  into  clouds,  and  falls  again  to 

earth  as  rain,  snow,  or  halL  That  portion  which  reaches  the  land 
tly  flows  off  again  into  the  sea  by  streams,  partly  sinks  underground, 
I,  after  performing  there  a  subterranean  circulation,  rises  once  more 
the  form  of  springs,  and  returns  to  the  ocean.  The  water  which  is 
led  by  evaporation  falls  nearly  pure  upon  the  land ;  but  when  it 
ams  again  to  the  sea  it  is  no  longer  pure,  but  charged  with  mineral 
tter  in  chemical  solution  and  mechanical  suspension.  As  this  circu- 
on  is  constantly  going  on,  and  as  the  water  which  flows  off  the  land 
ionstantly  and  everywhere  carrying  the  detritus  of  the  land  into  the 
»  it  is  evident  that  we  have  here  a  system  of  geological  change  of  the 
It  stupendous  character.* 

That  the  notice  to  be  here  given  of  this  system  may  be  as  clear  and 
dnct  as  possible,  we  shall  arrange  the  subject  as  follows  : — Ist,  The 
L  of  water  upon  the  land  as  rain  ;  2d,  The  course  of  that  part  of  the 
nfall  which  sinks  underground  and  re-appears  in  the  form  of  springs ; 
,  The  work  performed  by  that  part  of  the  rainfall  which  flows  off  in 
tarns  into  the  sea  ;  4th,  The  action  of  frozen  water, — frost,  snow, 
^er-ioe,  and  glaciers. 

*  The  geological  Importance  of  the  circulation  of  water  over  the  surfiice  of  the  land  was 
tt  lealiaed  and  insisted  on  by  the  great  Hntton^in  his  Theory  of  the  Earth  {Trans.  Roy.  See. 
Ua,  ToL  i.,  p.  209, 1785,  afterwards  expanded  and  published  in  1795  as  a  separate  workX 
itvithstanding  the  eloquent  elucidations  of  his  friend  Playfair,  Button's  doctrines  on  this 
Itfwt  lay  dormant  for  half-a-century.  It  is  only  recently  that  they  have  been  revived  and 
opted  by  a  growing  body  of  geologists,  consisting  largely  of  the  younger  men,  and  of  those 
to  Bie  engaged  professionally  in  the  daily  survey  of  rocks  and  rock-features.  The  student 
Qfeid  the  Utentnre  of  this  sulject,  up  to  1867,  referred  to  by  Mr.  Whitaker,  Geol.  Mug., 
I  tv.,  p.  447.  Since  that  time,  however,  additional  memoirs  have  been  pu\A\aki«^  U> 
■•  of  whidi  letetBce  will  be  made  In  the  eoiusa  of  the  following  diaooaaion. 


K«  uUmi  (JjKa,  <i|i|MB|  "ijnuit  Ifai  n>to  i4  ^  t«|imI  m  Bo  be  nri 
my^»tcLubl»  fttiu  >«w  lu  <■«(.  It  *bU  In  p«<mn  >wt,  in  a  MbwfM 
';iu^Ui,   Uuu   tUw  !iK4UiJil^   in  tlM  r«W  >ii  waMa  has   btMU  iHf 

l«rl«  wJuuH  iIh  <mM>  i<  ^MAtoA  foiMi^t.  Wlow-  inil  vaOws,  *1 


cuUmL  ia  fuuuiaiiU  aihiitwiw  niiwrtiwM*  aanwiiiingar  uf  biMt  i 
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fllliy  depodftsy  sometunes  fall  of  angoUr  itones,  derived  firom  the 
Srial  waste  of  the  xocks  of  the  neighbourhood.*  In  some  parte  of 
^Ipe  thick  depottts  of  earth,  formed  hj  old  glaciers,  and  abounding 
iige  stones,  have  been  out  by  the  vertioal  fall  of  rain  into  pill%n — 
lumation  of  which  is  explained  by  the  fact  that  eiush  pillar  is 
[Md  with  a  stone,  which  has  protected  the  earth  underneath  it  while 
•Qnounding  portions  were  being  cut  away.t 

S.  Underground  Water. 

When  rain  falls  upon  land,  part  of  it,  instead  of  running  off  in 
pAb  and  riyeis,  sinks  underground,  and,  after  a  more  or  less  cirouit- 
iJoQzney  there,  returns  to  the  surface  in  the  form  of  springs.  The 
logical  changes  effected  by  underground  water  are  twofold— -Ist, 
iNcal ;  2d,  Mechanical 

1.  The  Ohemioal  Action  of  undergound  water  depends  either  upon 
LiolTent  power  of  its  carbonic  acid,  or  upon  the  influence  of  inteznal 
1^  In  the  one  case  we  have  the  cause  of  the  changes  carried  on  by 
iDsiy  springs ;  in  the  other,  the  cause  of  the  action  of  very  deep- 
bod  and  thermal  springs. 

Bain-water  and  snow  contain  small  quantities  of  carbonic  acid 
i?ed  from  the  atmosphere,  and  acquire  more  in  sinking  through  the 
•  If  water,  in  circulating  underground,  meets  with  carbonic  acid 
rising  from  the  interior,  it  becomes  saturated  with  it,  and  carlionated 
bgB  are  produced.  The  waters  of  springs,  rivers,  and  lakes,  there- 
in always  contain  some,  and  probably  a  very  variable  amount  of, 
iicaiic  acid  gas.     Carbonate  of  lime  is  nearly  insoluble  in  pure  water, 

if  the  water  contains  sufficient  carbonic  acid,  the   mineral   is 

3y  dissolved  by  it,  in  consequence  of  the  carbonate  being  converted 

I  a  soluble  salt,  in  the  form  of  a  bicarbonate  or  sesquicarbonate  of 

e.    The  quantity  of  carbonate  of  lime  held  in  solution  by  water 

fesining  free  carbonic  acid  is  likewise  very  variable.     In  springs  it 

f  oecasionally  reach  the  point  of  saturation,  which  is  about  106  parts 

ihe  handled  thousand. 

Whm  wstar  eontainiiig  carbonate  of  lime  in  solution  fuifen  from  eraporatioo, 
I  drop  of  water  loses  both  water  and  carbonic  acid  gaa,  thus  becoming  grada- 
iatiDBted  with  the  carbonate  of  lime  without  gaining  any  increase  in  solvent 
tr.X    When,  thai,  the  eraporation  is  continued  beyond  the  point  of  saturation. 


QuairL  Jcwn.  Geol.  Soc,  tL  M,  rii  ISl ;  Foster  and  Topley,  Qiu^ri.  JomriL 
Ac^nl.pi44S. 
8es  LjelTs  FrinetpUt,  toL  L  p.  885. 

(voL  iil.  p.  171)  says  that  the  mazimom  smoont  of  carbonate  of  lime  that  can 
te  water,  satnrated  with  carbonic  acid.  Is  01  per  eeat,  hot  that  water  eontaia- 
■Itf  •■•4cath  m  ameh  carbonic  add  ss  a  satarsted  solotioo,  woold  dissolTS  just  as 
I  essftsMSs  ef  Itae  as  a  sstoiated  solatioo  wookl,  erco  if  it  were  osder  high  pressors. 
odstawa  ef  sailwiisfed  springs,  therefore,  Is  not  at  all  nsessssry  for  the  de^oiMIUm 
r  af  sSiIisISm^  tntvettioe,  or  eaSe-sptw  iu  rtbm,  steea  ordiaarx  mcieotie  wttci  wV\l 


394  GEOLOGICAL  AGENCIES. 

some  of  the  dissolved  carbonate  of  lime  most  necessarily  be  deposited  in  a  toM 
form  on  the  substance  over  which  the  water  passes.  Drops  of  such  water,  hangins 
from  the  mof  of  a  cavern,  may  be  observed  to  be  coated  over  with  a  delicate  fiha 
of  minutely  crystalline  carbonate  of  lime,  like  the  finest  tissue  jiaper.  Hui 
gradually  forms  a  little  tube,  which  may  be  seen  sometimes  to  acquire  a  length  of 
some  inchej^  still  retaining  all  its  fragility,  until  water,  trickling  down  the  outside 
of  it,  streoj^hens  it  by  the  addition  of  successive  external  coats.  Water,  tbes, 
dripping  from  the  roofs  of  limestone  caverns,  will  form  long  icicle-like  pendants, 
which  grow  downward,  as  well  as  columns  rising  from  the  floor,  wherever  the 
water  continues  to  drop  long  enough  on  one  particular  spot.  Vertical  sheets  of  tlus 
incrustation  may  even  be  formed  when  the  water  oozes  fh)m  a  long  joint  or  creriM 
in  the  roof.  The  ])art  hanging  from  the  roof  is  caUeil  stalactUe  ;  that  on  the  floor 
attdagmite.  Stalactites,  even  when  some  feet  long,  and  several  inches  in  diameter, 
are  often  found  with  the  little  original  central  tube  still  open,  since  water  nsr 
pass  down  it,  with  little  or  no  evaporation.  The  limestone  thus  formed  is  com- 
monly white  or  pale  yellow,  sub-crystalline,  often  fibrous,  and,  when  thin,  semi* 
transparent  or  translucent.  Some  stalactit^  while  they  retain  their  concentric 
rings,  showing  the  way  in  which  they  vk'ere  formed,  coat  over  ooat,  are  nercr- 
theless  perfectly  crystalline  internally,  the  crystals  radiating  from  the  centre,  and 
passing  through  many  concentric  coats  of  the  stalactite.  Stalactites  may  often  be 
seen  under  the  arches  of  bridges,  vaults,  or  aqueducts,  especially  if  the  stone  of 
which  they  are  built  be  limestone.  Sometimes  they  are  even  derived  from  the 
carbonate  of  lime  contained  in  the  mortar  or  cement  used  in  their  construction. 

Travertine,  or  calcareous  tu/Oy  is  deposited,  by  exactly  the  same  process,  on  the 
margins  of  sjirinj^,  or  on  the  banks  of  rivers,  and  the  sides  of  waterfalls.  Sticks 
and  twigs  hanj^iug  over  brooks  often  become  coated  with  it  ;  and  the  incrustatioa 
of  binls'  nests,  wigs,  medallions,  and  other  matters,  by  the  action  of  what  are  called 
petrifying  wells,  is  commonly  known.  In  Italy,  large  masses  of  solid  and  beautifnl 
travertine  ore  deposited  by  some  of  the  springs,  so  that  it  is  used  as  a  building  stone. 
Bischof  says  that  there  are  fifty  springs  near  Carlsbad  giving  out  800,000  cubic 
feet  of  water  in  twenty-four  hours,  from  which,  according  to  Walchner's  calouli- 
tion,  a  mass  of  stone,  weighing  200,000  pounds,  could  be  deposited  in  that  tine. 
Pipes  to  convey  water,  especially  water  from  boilers,  frequently  become  choked 
up  by  the  deposition  of  limestone,  and  have  to  be  renewed.  In  some  manufactones, 
the  dejwsition  inside  a  pipe  exhibits  a  regular  alternation  of  one  white  layer 
between  six  dirty  ones,  and  this  white  one  is  called  the  "  Sunday  streak,"  m 
marking  the  dei>osition  on  the  day  when  no  work  was  going  on,  and  the  water  was 
consequently  clean. 

The  constant  removal  of  carbonate  of  lime  from  underground  rocks 
gives  rise  to  the  formation  of  long  subterranean  tunnels,  cavities,  and 
caverns,  in  limestone  countries.  Sometimes  the  roofs  of  these  cavities, 
when  near  the  surface,  fall  in  and  engulf  brooks  and  rivers.  In  this 
way  mud,  sand,  and  gravel,  with  the  remains  of  plants  and  animals, 
are  swept  below  ground,  and  sometimes  accumulate  in  deposits  there. 
This  has  been  the  origin  of  ossiferous  caverns,  and  of  the  loam  and 
breccia,  so  often  found  in  them.  In  many  limestone  districts  the 
general  drainage  is  withdrawn  from  the  surface,  and,  sinking  under- 
ground into  the  numerous  channels  which  have  been  formed  in  the  rock, 

contain  quite  enough  carboiite  acid  for  the.  solution  of  carbonate  of  lime,  even  to  satnraticv 
of  the  water  with  that  mineraV ;  wY\V\e,  l\i«  \ea%  >ii^  o^^qjVMk  <A  \:(i«%ftid«  the  more  readily  will 
the  minersl  dexHwition  take  pAace. 
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8  rise  to  subterranean  rivers,  which,  after  a  long  course,  may  issue 
he  surface  again  in  a  totally  different  surface-area  of  drainage  to 
.  in  which  they  took  their  rise.  In  such  districts,  too,  lakes  may 
formed  by  the  giving  way  of  the  roofs  of  subterranean  caverns ; 
by  the  same  process  valleys  may  be  deepened,  or,  perhaps,  even 
aed. 

The  influence  of  carbonated  water,  and  of  water  containing  alkaline 
bmates,  in  decomposing  and  effecting  pseudomorphic  changes  in 
ks,  has  already  been  referred  to.*  Even  when  we  have  no  access 
Uie  rocks  imdemeath,  we  can  often  form  a  conception  of  the  meta- 
Xpbism  which  circulating  water  is  effecting  upon  them,  by  analysing 
^  composition  of  the  water,  which  rises  again  to  the  surface  in 
3Ug8.  Carbonate  of  lime  is  the  main  mineral  constituent  of  spring- 
te ;  but  there  occur  also  very  commonly  sulphate  of  lime,  carbonate 
iDagnesia,  and  chloride  of  sodium.  When  the  contained  mineral 
fftedients  are  in  such  abundance  as  to  form  a  deposit  when  the  water 
i^lxnates  round  the  spring,  they  give  specific  names  to  the  springs, 
«ilcareou8  springs,  ferruginous  or  chalybeate  springs,  and  siliceous 
ings. 
Thermal  springs  are  so  called  from  their  warm  temperature.  They 
common  in  volcanic  regions,  but  also  occur  more  rarely  at  a  distance 
in  volcanoes.  They  are  much  more  highly  impregnated  with  mineral 
ftter  than  cold  springs.  The  warm  springs  of  Bath  have  a  mean 
^peiature  of  120°  Fahr.,  and  contain  sulphates  of  lime  and  soda,  and 
orides  of  sodium  and  magnesium.  Professor  Eamsay  has  calculated 
*  if  the  annual  discharge  of  water  could  be  evaporated  on  the  spot, 
t  mineral  contents  would  form  a  square  column  9  feet  in  diameter, 
ft  140  feet  in  height.t  Silica  is  sometimes  contained  abundantly  in 
'  water  of  thermal  springs,  as  in  the  case  of  the  siliceous  sinter  deposited 
ttnd  the  Geysers,  or  hot-springs  of  Iceland.  One  of  these  deposits  is 
id  to  be  two  leagues  in  length,  a  quarter  of  a  league  wide,  and  a 
mdred  feet  thick.  Similar  deposits  also  occur  in  other  parts  of  the 
orid,  as  round  the  hot  springs  of  St  Miguel  and  Terceira,  in  the 
lores,  and  in  the  form  of  chalcedony  round  those  of  New  Zealand.  Cold 
dngs  also,  in  some  instances,  deposit  siliceous  matter  ;  but  in  these 
I  silica  is  generally  combined  with  alumina,  oxide  of  iron,  and  other 
168.  In  all  these  cases,  evaporation  of  the  water  takes  place,  and  the 
ea  is  deposited  in  consequence  of  that  evaporation.!  Bischof  attri- 
tes  the  formation  of  quartz  crystals  in  cavities,  and  of  compact  quartz 
veins,  to  the  total  evaporation  of  water  containing  silica  in  solution, 
I  trickling  down  the  sides  of  such  cavities.     He  points  out  the  im- 

8m  amU,  pp.  86S-6.  t  Ramsay,  Phywical  Otology  and  Geography  cf  Britain,  p.  160. 

Ib  pwte  of  India  tiliceous  stalactites  occur,  a  specimen  of  one  having  been  pT^tnX^^ 
M  MaMom  of  Iziah  Indnstry,  by  Mr.  Lovell,  Retired  Inspector  of  Hospitals. 
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possibility  of  ascending  springs  depodting  the  qontiy  inasmnch  a 
mnst  be  full  of  water,  and  therefore  total  evaporation  of  sncoesai^ 
of  water  could  not  take  place.  He  regards  the  formation  of 
crystals  in  dmsy  cavities  as  the  result  of  a  rimilar  evaporation  of 
containing  nlica,  which  has  filtered  through  the  adjoining  ro<^  . 
chalcedony,  etc^  show  very  distinctly  the  successive  deposition  ( 
of  silica. 

2.  The  Meohanloal  Action  of  undeigronnd  water  consLSts  in 
moval  of  the  finer  paiticles  of  rocks  in  suspension.  By  this  me 
coh^on  of  large  masses  is  sometimes  so  far  weakened  that  th< 
down,  or  are  detached  and  &11  off  to  lower  levels.  This 
happens  on  diffis  or  sloping  ground,  where  the  rocks  are  traver 
joints,  or  consist  of  strata  among  which  there  are  some  of  a  loose 
nature,  easily  disintegrated  by  percolating  or  flowing  undergrounc 
Large  portions  of  cliff  or  slope  may  thus  be  launched  down,  s 
obstruct  a  valley,  and  even  pond  back  its  drainage.  These  disloi 
caused  by  underground  water,  are  termed  landdipi.  They  are  o 
in  hilly  countries.  The  well-known  fSall  of  the  Rossberg,  behi 
Rigi,  in  1806,  is  a  striking  example.  After  a  rainy  summer  the 
the  mountain,  consisting  of  sloping  beds  of  hard  red  sandfito 
conglomerate,  resting  upon  soft  sandy  layers,  gave  way,  and  thous 
tons  of  solid  rock  swept  across  the  valley  of  Qoldau,  buryiz 
villages,  with  about  500  of  their  inhabitants. 

Another  remarkable  instance  occurred  on  the  coast  of  Dorset 
a  mass  of  chalk  slid  over  the  surface  of  a  bed  of  clay  down  into  < 
leaving  a  rent  three-fourths  of  a  mile  long,  150  feet  deep,  and  2 
wide,  the  whole  mass  on  the  seaward  side  of  it,  with  its  houses 
and  fields,  being  cracked,  broken,  and  tilted  in  various  directioi 
thus  prepared  for  being  more  easily  carried  off  by  the  action  of  tl 
Far  larger  instances  of  ancient  landslips,  of  which  no  record  is  1 
and  which  took  place  perhaps  before  historic  times,  or  even  bef 
country  was  inhabited  by  man,  may  be  observed  in  some  parts 
south-west  coast  of  Ireland.  On  the  coast  west  of  Bearhaven  in  < 
Cork,  and  west  of  Brandon  Head  in  County  Kerry,  as  also  in  Der 
Olen,  between  the  mountains  called  Baurtregaum  and  Cahircouref 
are  great  cliffs,  800  feet  high,  which  from  their  confused  and  ir 
positions  are  nothing  but  a  heap  of  broken  ruins,  their  cracks  a 
locations  being  superficial  only,  or  not  extending  below  the  level 
sea.  Other  remarkable  landslips  occur  on  the  coast-line  betweei 
rush  and  Belfastt  Similar  fklls,  on  a  great  scale,  have  takei 
also  in  Mull,  Raasay,  and  Skye,  where  the  great  pkteaux  of  t 
basalt  rest  upon  oolitic  and  liassic  strata. 

*  OonjiMwe  tnd  Baekland,  In  Ljrell's  Prine^pla,  L  5S7. 
t  Bee  PorUoek*e  (Teologieal  Survty  fi^f  Londindtrry. 
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8.  Brooka  and  BiT«». 
a.  Cluinlokl  Aotion. 
lere  con  be  no  doubt  that  the  water  of  streanu  acts  chemically 
Tocks,  in  the  lame  way  aa  is  done  hj  tain  and  apring  water. 
ia  particnlarly  obnemfale  in  limsatone  diatiicia,  where  atieams 
Hj  erode  bat  dissolTe  the  rock,  their  action  in  this  reipeet  being 
r  when  thej  drain  off  peatj  ground,  and  consequentlj  absorb 
carbonic  acid.  The  nature  of  the  chemical  reaction  of  terrestrial 
upon  rocka  ia  well  ihown  hj  the  analyaiB  of  rirar  water,  for  in 
vater,  more  paiticularlj  when  taken  from  where  it  apptiMwhes 
a,  we  have  the  nibetancea  in  lolution  which  are  finally  lemored 
Jie  land  and  carried  into  the  uo. 

scording  to  the  aaalyses  collected  by  BiBcbof,*  the  river  watera 
•tern  Europe,  inclndmg  Great  Britain,  contain  in  eolntion  van- 
;»roportioiig  of  the  carbonate*  of  lime,  magnesia,  and  «oda ;  of 
i  of  peroiidea  of  iron  and  manganeae  ;  of  alumina  ;  of  enlphatea 
e,  magnesia,  potaah,  and  Boda  ;  of  chloridea  of  sodium,  potaaainm, 
m,  and  magnesinm  ;  of  silicate  of  potash  ;  of  nitrates,  and  pf 
ic  matter.  Of  these  mineral  matters  aa  little  as  a  total  of  S-61  in 
>00  ports  of  water  were  found  in  a  mountain  stream  3800 
.bore  the  sea,  and  as  much  as  B4'5  parts  in  the  100,000  in  the 
»  of  the  Beavronne,  a  trihntory  of  the  Loire  above  Tours.  The 
lef  the  whole  is  about  SI  parts  of  mineral  matter  in  100,000  of 
'■■  Carbonate  of  lime  usnallj  forms  the  full  half  of  this  mineral 
V,  ita  mean  quantity  being  II '34.  The  next  most  abundant 
nl  is  sulphate  of  lime,  which  in  some  rivers  forms  nearly  half  of 
inolved  mineral  matter.  As  much  as  4-86  parts  of  silica  dis- 
1  in  100,000  of  water  have  been  found  in  the  Rhine,  near  Stras- 
the  greatest  quantity  of  dissolved  alumina  being  0*71,  in  the 
,  near  Orleans.  The  quantity  of  mineral  matter  in  the  Thames, 
London,  is  about  33  in  the  100,000  parts  of  water,  15  of  which, 
arly  half,  are  carbonate  of  lime.  Bischof  calculates  that  if  the 
qnanti^  of  carbonate  of  lime  in  the  Rhine  be  assumed  as  9'46 
10,000  of  water,  which  it  is  at  Bonn,  then,  accoidii^  to  the 
ity  of  water  estimated  by  Hagen  to  flow  at  Emmerich,  euoi^h 
[iate  of  lime  is  carried  into  the  sea  by  the  Rhine,  for  the  yearly 
tion  of  three  hundred  and  thirty-two  thousand  millions  of  oyster 
of  the  naual  size.  If  we  allow  two  square  inches  for  each  oyster 
nd  ttpon,  and  that  three  oysters,  one  above  another,  would  be  one 
high  (quantities  within  the  truth),  then  this  number  of  oytteis 

I  form  a  cube  560  feet  in  the  side,  or  they  would  make  a  square 
a  foot  thick  and  upwards  of  two  miles  in  the  side. 

II  tbe  niinenl  substances  carried  in  solution  by  liveTB  mtn  t\v6 

Ttmtwrl  Omtan,  nil  p.  m    He  gim  ■  table  of  foitj-elght  OiSsnat  uulfua. 


•»s 


.K<  •U»<*IC.U.    ^'JJ^'.TES. 


TjsL  '. .: 


'7  T*'* 
:   :  sin 

i  T  is* 

1  JLilTi 


ii'Ui   ■  r    ''II     ;»*i'i^   r  t|''l1l"*i'i  V»'».      r    'CJ*"^*:    TJlr     TT    T 

III!      l'iiii;.;i.         ■!,      IH'H'liip".   '-V II. ■*      • -^-r-.Z     *I.i     ^_ij 

■II  -It  ii      -I  iii-li-il,      1     \\lillhi    '"fl!!      %    '-"dsi     T*  --»»      ,-    I    -y     - 

■"■•I •■nil,     I        •■uii'^iiiii  "'III Ml    ii  vi»-'v.  ij*-  :i^-  s-rz.: 
iiii'ti     11     \   ;-i.-i(-iii.itMi;:  .u*i  rMiiri:::;;  "^aivr. 

^-    3&ouhaiiicai  Actios. 

'  '  i*iiMLi-iK-i.tvti.      Mil V in;:    vaup    w.!*  Ta-hu".  jj>  it.-  r-i-.W 

I..,    .iiMi,    :i;,    i!t\i-i,  tirti    Hiiii-i"  n-   ::* -n  •L-n:-     T":_-  1j::^isB 


•ii. 

.  "It 
•till. 

■I-  .1 
■  i> 


"••■         .i;'.«-    ■l"iix>    i  "iMK  ir**  'iin*  "'V   i-^r-r*  t  n  iz:.  jrsTd, 

■'■■  ■       ■  '  '  ■     iiM    'p-'iiti.ir'^   in*  -wi-iii    .'i:  *..  ^-.^ 

■'  •■     \.-. ■  ■  .  ■. ■- -.-■.-    ■   -  "  ■  V«  lis 


•-•  ■  ■         -         ■<-.■. 


■.•■.-r.L 


.    .....  -.   ..  ..:  J.. 


1 .     ■*•    ■ .    .L.  m     V     .  ■     iL.  . 


J 


•  •■  J 


•Jif 


^  ■     -  .    i!  •.!■      i\-:  ■..:•.  :.-» 
■  ■    I  '*■■*■.■  ■        t-*i""" 


- 1  •    ■• 


■    ^      .i.  :    ■    -    ■     ■     I 

...      ..       -■    -^    '"v   5 


■  ■'   fc 


i.«*-     ■.       .V  %1V.  I      'Jfr     ■•.      Av       M^;     -l       I",    /u..'      I     }^  j-«~jri  i-- 


RIVER-ACTION.  399 

Men.    The  ravine  that  the  river  St  Lawrence  has  excavated  for  itself 

Ihe  recession  of  its  Falls  is  7  miles  long,  200  to  400  yards  wide, 
1 200  to  300  feet  deep,  and  would  require  something  like  35,000 
US  for  its  production,  at  the  present  rate  of  progress.*. 

Periiaps  no  part  of  the  world  illustrates  the  erosive  power  of  long- 
Liinued  river-action  on  a  more  magnificent  scale  than  the  great  table- 
d  watered  by  the  Rio  Colorado  and  its  tributaries  (see  Frontispiece). 
Bie  rivers  flow  for  hundreds  of  miles  through  gorges  called  ca&ons 
mnl  thousand  feet  deep,  which  they  have  gradually  cut  out  of  the 
b.  The  grand  Canon  of  the  Colorado  is  300  miles  long,  and  in 
aie  places  6000  feet  deep.t 

0L>  Transporting. — In  the  gradual  erosion  of  their  courses,  rivers 
^Qce  a  large  amount  of  detritus,  which,  together  with  what  they  re- 
re  from  the  washing  of  the  land  by  rain,  they  sweep  out  to  sea. 
»  blocks  accumulated  in  mountain  torrents  are  usually  crags  that 
ne  been  gradually  loosened  by  weathering  from  the  neighbouring 
b  or  slopes,  or  have  been  undermined  by  the  abrasion  of  the  water, 
L  have  then  fallen  into  the  bed  of  the  river.    These  blocks,  arresting 

force  of  the  stream,  are  immediately  attacked  by  it,  and  eventually 
one  smooth  and  rounded  by  the  attrition  of  the  water  charged 
li  sand  and  gravel.  When  sufficiently  rounded,  some  greater  flood 
ti  usual  sets  them  in  motion,  to  receive  still  further  rough  treat- 
Kit,  and  to  become  converted  into  tools  for  the  breaking  up  of 
iCn,  till  at  length  the  massive  crag  is  rolled  forward  into  the  river 
t]ie  form  of  small  round  pebbles.  X  These  undergo  a  continuation  of 
mechanical  operation,  till  they  are  delivered  by  the  river  into 
in  the  shape  of  grains  of  sand  or  fine  mud.  Clouds  of  such 
d  discolour  the  sea  off  the  mouths  of  great  rivers,  such  as  the  Amazon 
I  Orinoco,  even  for  many  scores  of  miles  out  of  sight  of  land  ;  and 
>  great  ocean  currents  may  carry  it  on,  still  slowly  sinking  through 
^ter  depths,  even  for  many  hundred  miles  further,  before  it  finally 
Qei  to  rest  in  some  tranquil  hollow  of  the  bed  of  the  ocean. 

The  transporting  power  of  rivers  is  greatly  augmented  in  countries 
•ire  the  winters  are  severe  enough  to  freeze  the  rivers.  Ice  forming 
tig  the  banks  encloses  gravel,  sand,  and  even  large  blocks  of  rock, 
<ichy  when  the  spring  comes,  are  lifted  up  by  the  ice  and  carried 
^  the  stream.  Ground-ice  likewise  forms  frequently  on  the  bottoms 
the  rivers,  and  rises  in  cakes  to  the  surface,  carrying  with  it  the 
td  or  stones  lying  on  the  bottom,  which  are  then  swept  seaward. 

*  IftU'i  PrinetpUs  c/  Oeology,  chap.  ziv.    See,  however,  Coal  and  Ut  Topography,  by 
^Lcdej,  18M,p.  109. 

t  Baa  Saphration  ef  ihe  Colorado  River  of  (he  West,  by  Ives  and  Newberry,  1861,  where 
^idarinibla  angnTinga  and  woodcata  are  given  of  the  more  striking  features  of  the 
**illoQa  aeatoaiy  of  tbeae  ragfona. 
I  laafaites  V»  ^^  ^  &  raference  to  the  gnrel  detritus  of  the  Rhine. 
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The  lesearcheii  of  the  late  Mr.  Hopkini  hare  ihown  that  the  power  of  utAn 
to  move  bodies  that  are  in  it  increases  as  the  sixth  power  of  the  ▼elocity  of  thi 
current.    Thus,  if  we  double  the  velocity  of  a  current,  its  motiTe  power  ii  is- 
creased  64  times ;  if  its  velocity  be  multiplied  by  8,  its  motive  power  will  te 
increased  729  times  ;  if  by  4,  4096  times  ;  and  so  on.*    In  studymgthe  medksai- 
cal  force  of  water  upon  rock  also,  it  is  necessary  to  bear  in  mind  that  all  cntlu 
and  stones  lose  fully  a  third  of  their  weight  when  suspended  in  water.    Tlhtm 
considerations  enable  us  to  understand  more  readily  the  fact  of  blocks  of  rocki 
many  tons  in  weight,  having  been  removed  trom  breakwaters  and  Jetties,  sad 
carried  sometimes  many  yards  during  great  storms,  as  also  of  still  larger  Idoeki 
hurried  along  by  floods,  etc.     The  rolling  power  of  water  upon  stones  lying  in  its 
bed  depends  greatly  on  their  shape  also,  the  same  current  being  easily  aUe  to  roU 
along,  in  the  form  of  rounded  pebbles,  pieces  of  rock  which  it  would  be  quite  unsUi 
to  move  if  they  were  in  the  Hhape  of  flat  slabs  ;  while,  conversely,  flat  slabs  or 
flakes  would  float  more  easily,  or  sink  more  slowly,  than  rounded  or  square^iqwd 
fhigments  of  the  same  weight  and  cubic  contents.     Flakes  of  mica,  as  Sir  (\ 
Lyell  observes,  therefore,  might  be  floated  and  transported  onvrards  where  gniai 
of  quartz,  even  though  lighter  than  the  mica,  would  sink  ;  and,  on  the  other  lumi, 
rounded  quartz  pebbles  might  be  rolled  forward  where  smaller  and  flatter  pieoe% 
in  the  shape  of  shingle,  would  be  brought  to  rest 

Mr.  Babboge,  in  treating  of  this  subject,  +  supposes  the  case  of  a  river,  tbe 
mouth  of  which  is  100  feet  deep,  delivering  four  varieties  of  tine  detritus  into  a 
sea  which  has  a  uniform  depth  of  1000  feet  over  a  great  extent,  which  set  ii 
traversed  by  one  of  the  great  ocean  currents,  moving  wiUi  a  certain  given  velocity. J 
He  takes  for  granted  that  the  four  varieties  of  detritus  are  such  as,  from  their  sat, 
shape,  and  s}>ei'iiic  gravity,  would  fall  through  still  water,  the  first  ten  feet  i<r 
hour,  the  second  eiglit  feet,  the  third  five  feet,  and  the  fourth  four  feet  The  con- 
binc<l  effect  of  the  downward  motion  of  the  detritus  and  the  onward  motion  ci  ti« 
water,  would  then  bring  the  first  variety  to  the  bottom  of  the  sea,  at  a  di>«tioc« 
of  180  miles  from  the  river's  mouth,  anti  strew  it  over  a  space  20  miles  long;  tbs 
second  variety  would  only  begin  to  reach  tlie  bottom  225  miles  from  the  river's 
mouth,  and  would  be  spread  over  25  miles,  and  so  on,  as  in  the  followisj 
Table  :— 


No. 

Velocity  of 
fall  per  hour. 

Nearest  distance 
of  deiHJsit  to 
Kiver  mouth. 

Length  of 
deposit 

Greatest  distance 

of  deposit  from 

River  mouth. 

1 
2 
3 
4 

Feet 

10 
8 
5 
4 

Miles. 

180 
225 
860 
450 

Milca 

20 
25 
40 
50 

MUes. 

200 
250 
400 
500 

We  should  thus  have,  proceeding  from  the  same  river,  and  poured  into  ths 
sea  either  simultaneously  or  at  difl'erent  times,  four  diff'erent  and  widely  sepanted 
patches  of  mud  or  clay  formed  on  the  sea  bottom.     This  subject  was  sugg^ted  to 

•  Presidential  Address  to  Geol.  Soc.  London  for  1852,  p.  xxvii. 

t  In  a  paper,  of  which  an  abstract  appeared  in  the  Journal  of  the  Gtological  Sceittft 
November  1850. 

t  The  supposed  velocity  of  the  river  and  ocean  current  is  not  stated  in  the  abstract,  bat 
from  the  calculation  would  appear  to  have  been  taken  at  two  miles  per  hour. 
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Btbboge  from  his  olMerving  the  extreme  slowness  with  which  a  very  fine 
"te,  even  of  a  very  heavy  substance,  such  as  emery,  subsides  in  water,  and  he 
Mib  of  mud-clouds  being  suspended  in  the  depthis  of  the  ocean,  where  the 
■itj  of  the  water  increases,  for  vast  periods  of  time. 

9)r.  Livingstone  (in  his  Missionary  Travels  in  South  Africa,  p.  598)  describes 
M  which  ordinarily  have  more  sand  in  them  than  water.  He  says,  "  We  came 
fts  Zingesi,  a  sand  rivu]et  in  flood.  It  was  sixty  or  seventy  yards  wide,  and 
■l^eep.  Like  all  these  sand  rivers  it  is  for  the  most  part  dry ;  but,  by 
Khg  down  a  few  feet,  water  is  to  be  found,  which  is  percolating  along  the  bed 
to  stratum  of  clay.  ...  In  trying  to  ford  this,  I  felt  thousands  of  particles 
iMite  sand  striking  my  legs.  .  .  .  These  sand  rivers  remove  vast  masses 
flrintegrated  rock  before  it  is  fine  enough  to  form  soil.  .  .  .  The  shower  of 
sUm  and  gravel  which  struck  against  my  legs  gave  me  the  idea  that  the  amount 
Matter  removed  by  every  freshet  must  be  very  great.  In  most  rivers  where 
fli  wearing  is  going  on,  a  person  diving  to  the  bottom  may  hear  literally 
■MDidB  of  stones  knocking  against  each  other.  This  attrition  being  carried  on 
hmdreds  of  mUes  in  different  rivers,  must  have  an  effect  greater  than  if  all 
fettles  and  mortars  and  mills  of  the  world  were  grinding  and  wearing  away 

ndu." 

be  temporary  damming  up  of  rivers,  and  subsequent  breaking  down  of  the 
iv,  and  escape  of  the  lake  formed  above  it,  produce  sometimes  the  most  re- 
kible  instances  of  the  power  of  moving  water.  Rocks  as  big  as  houses  are 
•et  in  motion,  and  carried  sometimes  for  very  considerable  distances  down 
Mleys.* 

The  amount  of  mechanical  work  done  by  rivers  can  be  estimated 
Kzunining  their  waters  at  different  periods,  and  determining  their 
d  contents.  When  this  is  done  by  evaporating  the  water,  the 
Qt  gives  both  the  mechanically  suspended  mineral  matter,  and 
>  that  which  was  chemically  dissolved  in  the  water. 

%e  total  mineral  matter  carried  down  by  the  Ganges  into  the  sea,  according  to 
■•at,  is  6,368,077,440  cubic  feet  per  annum.  Lyell  calculates  that  for  the 
tport  of  this  quantity,  it  would  require  a  fleet  of  2000  Indiamen,  each  of 
^  tons,  to  start  every  day  throughout  the  year.  Such  a  mass  of  matter  would 
r  a  square  space  fifteen  miles  in  the  side  every  year  with  mud  a  foot  deep,  or 
Id  raise  the  whole  surface  of  Ireland  one  foot  in  the  space  of  144  years.  The 
imapootra  probably  carries  an  equal  quantity. 

rhe  Mississippi,  according  to  the  measurements  of  Messrs.  Humphreys  and 
ot,  conveys  every  year  into  the  Gulf  of  Mexico  19,500,000,000,000  cubic  feet 
sdiment.+ 

Hr.  Barrow  calculated  that  the  Yellow  River  (Hoang  Ho),  in  China,  carried 
H  into  the  Yellow  Sea  48,000,000  of  cubic  feet  of  earth  daily ,  so  that,  assum- 
the  Yellow  Sea  to  be  120  feet  deep,  an  English  square  mile  might  be  converted 
dry  land  every  seventy  days,  and  supposing  its  area  to  be  126,000  square 
•»  the  whole  would  be  made  into  terra  firma  in  24,000  years. 

These  examples  are  cited  here  in  illustration  of  the  nature  and 
6iit  of  the  transport  of  detritus  by  rivers.  But  additional  instances 
I  be  given  in  a  subsequent  chapter,  when  we  come  to  speak  of  the 

See  Lyell,  as  above :  also  Jameson's  Mineralogy,  vol.  iii.,  and  De  la  Deche's  Mauval 
Ottfloffieal  Obierwr. 
Ueport  upon  the  Phytks  andlfydmulia  of  the  AfUsissippi,  1861. 
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r  ia  mmmj^  back  lo  Ibe  m« 
b,  Omf  iW  nOtTa,  mi  UmH  aiong  ibe  nrfgn  and  taUe-Wb- 
Ifc*  Jtaiw^BB  af  a  <n«BltT,  m  ■■  pnnd  hy  the  lira^bone  i' 
■anvMBl;  ^na  fiae  to  a  i7<tcat  of  nUcT*  nB^ng  fmm  &ewx 
lap  MWaiJ  md  itorawid  to  tk  aea.  Iloa  tal^eet,  hcnretE 
la  fiacnaad  m  Cla(Ccfa_XXT.  and  IXTL* 

a  lenl  tract  on  «l 
r  part  cf  «Ud  it  am  flow  in  Bood,  it  i 
I  wkat  ia  called  agaww.  lib  drpii 
■md.  «r  {nrcl,  im?  be  laid  dcnrn  di 
<NW  or  OB  b!(K  ttdca  of  the  river,  where  it  fomu  a  leriil  tract,  t 
fare  a(  vtiKh  ip  iacrea^^J  br  ^o^h  fre$H  Idver  uf  fcijiliieiil,  uoti 
the  tiigliat  flood  can  no  long^  corcr  the  plain.  As  the 
contiiiaea  to  deepen  its  channel,  and  as  from  inequalities 
nature  of  its  bank,  rometiines  of  the  most  trifliag  kind,  it  i^ 
from  tide  to  side  in  vide  coires  and  loops,  it  rats  into  its  old  al! 
and  makes  a  newer  plain  at  a  lower  lereL  Fntther  ero»on  o!  ' 
enables  the  stMam  to  attack  this  later  alluvial  deposit,  and  fcra 
newer  aad  lower  one.  Thus  the  rirer  comes  to  be  bordered 
■Dcceanon  of  terraces,  each  of  which  represents  a  former  flood- 
the  itreain.  In  stadfinji  the  old  river-temces  of  a  country  « 
alM  to  consider  whether  tbey  indicate  former  periods  of  greater 
and  point  to  any  movement  of  npheaval  of  the  interior  whicli 
quicken  the  ero«ive  action  of  the  stn^anu,  or  anv  depression 
interior  or  rise  of  the  «eaward  tract!,  which  would  diminish  tbf 
and  incTease  the  deposition  of  alluvimn. 

It  is  evident,  however,  that  the  deposition  of  any  eedimen 
land  b  only  temporary,  and  that  the  inevitable  fate  of  all  the  ^ 
the  land  is  to  he  ultimately  carried  to  the  ocean. 

The  materials  borne  in  suspension  by  a  river,  or  rolled  « 
bed,  ore  deposited  at  the  river  mouth,  in  a  lake,  or  in  the  sea. 
are  pushed  forward  the  laud  gains  by  the  fomutinn  of  a  fiat 
tract,  to  which  the  name  of  della  has  been  (pven,  from  its  rese 
to  the  Qreek  letter  i^,  the  apex  of  the  letter  however  pointing 
river,  and  the  base  fronting  the  sea  or  lake.    K  we  follow  the  c 

K^  *  FarolHTUidEloqiuDEdtHTlptkmof  tlifl  ennLon of  Tillvji  bf  rfrvr-af lion, t 
^bjUflnd  no  work  Ln  the  Eogli^  lugiuge rqntl  to  FIsTfUr^ lUmlratiau  1/ On 
^Hfei^H    ■_  ig  putlenlu-,  UDla  zvL  Ob  SUtn  awl  Lojta, 
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river  from  its  aotarces  to  its  tenninatioii,  we  peiceive  that  the  size  of 
nrer  and  the  yolmne  of  water  it  oontaiss  is  contiimallj  increased 
be  accession  of  tiibataiy  streams,  now  on  one  side  and  now  on 
ber.  No  stream  ever  flows  out  of  a  river,  nor,  except  in  extremely 
cases,  does  the  river  ever  divide  into  two  streams,  save  for  a  short 
mce,  where  a  comparatively  small  island  may  have  been  formed  in 
B  flat  or  rocky  pert  of  its  bed.  When,  however,  we  follow  a  river  down 
low  flat  country  on  its  approach  to  a  lake,  or  to  a  pert  of  the  sea  at 
Kead  of  a  bay  or  gulf,  or  where  no  oceanic  currents  sweep  across 
iM>nUi,  we  then  find  the  river  split  up  into  two  or  more  branches  by 
fonnation  of  a  delta.  In  the  delta  part  of  a  river  an  entire  change 
■I  place  in  its  nature  ;  instead  of  continually  receiving  fresh  acces* 
■i  id  water,  and  so  becoming  laiger  and  larger,  the  river  now  splits 
b  mailer  and  smaller  channels.  In  the  upper  parts  fresh  accessions 
inthy  matter  are  brought  into  it,  but  now  it  begins  to  deposit  the 
Ikent  it  contains.  In  fact  the  river  properly  ceases  at  the  head  of 
^  ddta,  where  its  mouth  originally  was,  and  its  water  merely  finds  its 
^  out  into  the  lake  or  sea  below  in  the  best  fashion  it  can,  through 
k  amd  with  which  it  has  choked  its  own  mouth. 

Ike  Bhine,  when  it  enters  Holland,  \b  lost  in  a  great  deltoid  flat,  among  a 
of  bifurcating  channels,  in  which  its  waters  are  mingled  with  those  of  the 
the  Sambre,  the  Scheldt,  and  other  rivers,  which  have  all  contributed  to 
the  low  marshy  ground  that  skirts  the  coast  of  Belgium,  and  forms 
M|]r  the  whole  of  the  Netherlands.  So  obviously  is  the  delta  of  the  NUe  the 
tetkm  of  that  river,  that  Herodotus  remarked  that  "  Egypt  was  the  gift  of 
Nile,"  and  that  the  sea  probably  once  flowed  up  to  Memphis,  now  more  than 
*  miles  fh>m  the  coast-line,  the  old  gulf  having  been  filled  up  by  the  Nile  mud, 
Ki  Bed  Sea  would  be  filled  up  if  the  NUe  were  turned  into  it.  The  edge  of 
JNsent  delta,  which  is  150  miles  wide,  is,  however,  now  swept  by  a  powerful 
tmi,  which  carries  off  all  detritus  delivered  into  it,  and  thus  future  increase  Is 
Noted.  Otherwise  the  Nile  would  by  this  time  have  formed  a  long  tongue  of 
I  pnt^ecting  into  the  Mediterranean,  just  as  the  Mississippi  has  projected  a 
ise  oi  land  60  or  60  miles  long  into  the  Gulf  of  Mexico,  having  previously 
d  up  the  inlet  which  formerly  penetrated  from  that  sea  deeply  into  North 
nica,  and  received  the  rivers  more  than  100  miles  inland  from  the  present 
If 

The  Ganges  first  bifurcates  at  a  distance  of  220  miles  from  the  present  coast, 
the  river  may  be  said,  like  the  Rhine  on  entering  Holland,  properly  to  ter- 
ate  there,  for  below  that  it  splits  into  numerous  channels  among  marshy 
Uida  whidi  it  has  formed  in  conjunction  with  the  Brahmapootra  and  other 
It.  This  muddy  flat  stretches  for  260  miles  along  the  head  of  the  Bay  of 
pd.  Dr.  Hooker,  in  his  description  of  this  district,  f  speaking  of  its  eastern 
ler,  remarks  that  **  the  mainland  of  Noacolly  is  gradually  extending  seawards, 
htm  advanced  four  miles  within  twenty-three  years.  The  elevation  of  the 
•ee  of  the  land  is  caused  by  the  overwhelming  tides  and  north-west  hurricanes 
lay  and  Oetober  ;  these  extend  thirty  miles  north  and  south  of  Chittagong, 
cvry  the  waters  of  the  Megna  and  Fenny  (branches  of  the  Brahmax)ootra) 
(  over  th«  land  in  a  series  of  tremendous  waves  that  cover  islands  of  many 

ID,  Frimtijflm,  nA»  i,  chaps.  xriiL  and  xix.  f  Eimalayan  JcurndU,  vol.  ii.,  p.  341 
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hundred  acres,  and  roll  three  miles  into  the  mainland.  On  theee  oocadoDS  tlu 
average  earthy  deposit  of  silt  separated  by  micaceous  sand  is  an  eighth  of  an  inch 
for  every  tide,  but  in  October  1848  these  tides  covered  Sundeep  island,  deposited 
six  inches  on  its  level  surface,  and  filled  up  with  mud  ditches  several  feet  deqi^" 
The  bifurcations  of  the  Brahmapootra  commence  even  farther  fh>m  the  sea  than 
those  of  the  Ganges,  and  there  is  a  great  flat  of  more  than  100  miles  in  width 
between  the  two,  in  which  a  number  of  lesser  streams,  proceeding  directly  from 
the  southern  slopes  of  the  Himalayas,  likewise  bifurcate,  some  of  them  beginniiig 
to  do  so  at  300  miles  from  the  sea-coast.  It  would  appear,  therefore,  that  we 
have  here  a  vast  river-deltoid  deposit,  covering  an  area  of  something  like  50,000 
or  60,000  square  miles,  or  more  than  that  of  England  and  Wales.  An  Artesiaa 
well,  481  feet  deep,  was  bored  at  Calcutta,  of  which  the  upper  400  feet  at  least 
may  be  stated  as  river-deposit,  although  giving  evidence  at  one  or  two  places  of 
the  land  having  formerly  been  at  a  higher  level,  and  the  river  therefore  having 
brought  coarser  materials  than  now.*  Large  and  thick  as  this  great  mass  of  men 
river-washing  may  appear,  it  does  not  represent  the  whole  quantity  brought  down, 
since  we  learn  from  Lyell  that  outside  the  part  which  may  be  called  act^lly  land, 
there  is  a  gradual  slope  out  to  sea  of  more  than  100  mUes — the  water  slowly  and 
regularly  deex)ening  from  4  to  60  fathoms.  In  the  centre  of  this  submarine  slope^ 
too,  is  a  deep  hole  about  15  miles  across,  called  *'the  swatch  of  no  ground,"  ii 
which  no  bottom  is  found  with  100,  or  even  130  fathoms  of  line,  giving  us  appa* 
rently  a  measure  of  the  depth  the  water  would  have  had  over  the  whole  neighl>oa^ 
ing  space  if  it  had  not  been  for  the  mud  brought  down  by  the  river. 

In  a  paper  on  recent  changes  in  the  Delta  of  the  Ganges,  by  Mr.  Ferguson,  t 
it  is  shown  that  2000  years  ago  large  parts  of  the  now  densely  peopled  plaini 
round  the  lower  part  of  the  Ganges  mxLst  have  been  mere  swamps  ;  that  th« 
Delta,  properly  so  called,  cannot  have  been  fit  for  extensive  occupation  before  th« 
fourteenth  century,  and  that  parts  of  Assam,  now  uninhabitable  swampe,  will  in  a 
few  centuries  become  dry  plains.  He  also  says,  that  in  the  "  swatch  of  no  ground" 
there  is  even  as  much  as  300  fathoms  with  "  no  bottom,"  and  shows  how  the 
action  of  the  tidal  currents  has  been  such  as  to  keep  this  central  channel  swept 
clear  of  the  deposit  that  has  been  thrown  down  around  it. 

The  great  rivers,  however,  which  do  not  block  up  their  own  mouths  with  a 
delta,  do  not  the  less  on  that  account  carry  down  sediment  into  the  sea.  The  Bio 
Plata  and  the  Amazon  have  their  mouths  swept  comparatively  clean,  partly  by  the 
force  of  their  own  current  carrying  out  the  detritus  into  deep  water,  and  partly  bj 
the  oceanic  currents  which  travel  past  their  mouths  aiding  them  in  this  transport 
The  river  St.  Lawrence  is  greatly  strained  of  sediment  by  having  to  pass  throng 
the  large  lakes  which  it  must  first  fill  up  and  convert  into  dry  land  before  it  can 
begin  to  form  a  delta  at  its  mouth. 

The  Thames  and  Severn,  and  other  smaller  rivers  of  our  own  islands  and  other 
parts  of  the  world,  fall  into  the  tidal  waters  with  too  short  and  too  rapid  a  slope 
to  commence  the  formation  of  a  regular  delta,  the  falling  tide  helping  the  river-flow 
to  scour  out  the  embouchures,  although  many  large  sandbanks  are  formed  ia 
them.  The  set  of  the  currents  in  the  German  Ocean  seems  to  be  directed  fro* 
the  continental  and  against  the  English  shores  ;  but  where  any  part  of  the  latter 
is  protected  from  the  sweep  of  those  currents,  as  in  the  deep  bight  called  the  Wash, 
between  Norfolk  and  Lincolnshire,  there  the  rivers  make  a  deltoid  flat  or  greet 
marsh,  scarcely  above  the  level  of  tlie  sea.  Such  are  "  the  fens  "  of  Cambridge 
and  Lincoln,  a  tract  of  about  2000  8([uare  miles,  the  product  of  the  rivers  Witbaffl, 
Welland,  Nen,  Ouse,  Cam,  and  othei-s.  In  the  troi)ics  tliese  fens  would  have  » 
huge  mangrove  swamp  along  their  seaward  edge,  while  inside  that  there  would  b* 
a  jungle  like  the  Sunderbunds  of  the  Gangetic  delta. 

•  Lyell,  Op.  c«.,  chap.  xix.  t  Quart.  Joum.  Gtol.  Soc^  xir. 
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In  the  alluvial  deposits  fonned  by  livers,  the  remains  of  land  and 
h-water  plants  and  animals  are  often  entombed  and  preserved, 
ge  quantities  of  drift-wood  are  often  carried  down  by  floods ;  and 
ies  of  large  animals  are  swept  oS  to  be  buried  in  the  delta,  or  even 
>e  carried  out  to  sea.  Hence,  in  deposits  formed  at  the  mouths  of 
^rs,  we  may  always  expect  to  find  abundant  terrestrial  organic 
lains. 

4.  Froaen  Water. 

When  fresh  water  under  ordinary  circumstances  is  cooled  down  to 
^  Fahr.  it  passes  into  the  solid  state,  and  is  then  known  under  the 
aes  of  frost,  snow,  and  ice.  In  this  form,  however,  it  is  not  with- 
wn  £rom  the  general  system  of  circulation.  It  still  continues  to 
^e  from  land  to  sea,  but  in  doing  so  is  endowed  with  new  powers  as 
3ological  agent 

a.  Frost. 

It  is  now  weU  known  that  when  water  in  cooling  reaches  a  tempera- 
i  of  39^®  Fahr.  it  begins  to  expand,  and  in  this  expanded  state  becomes 
d  at  32^  If  rain  soaks  into  soils  and  rocks,  and  fills  up  either  the 
dl  pores,  or  the  crevices,  joints,  and  fissures,  by  which  all  rocks  are 
rersed,  and  this  water  then  freezes,  the  expansion  which  accompanies 
conversion  into  ice  exercises  a  powerful  mechanical  force,  the  effect 
which  will  be  either  the  disintegration  of  the  particles  in  the  one 
i,  or  the  breaking  and  rending  asunder  of  the  larger  masses  in  the 
er.  On  mountain  simmiits  and  sides,  subject  to  great  vicissitudes 
emperature,  this  agency  exerts  no  mean  effect  The  hardest  rocks 
f  be  broken  up  by  it,  and  enormous  blocks  ultimately  displaced 
.  toppled  over  precipices,  or  set  rolling  down  slopes,  to  suffer  still 
^er  fracture,  and  produce  still  greater  ruin  in  their  falL  We  see 
effects,  too,  in  the  way  in  which,  after  a  strong  frost,  the  soil  of 
is  and  soft  roads  is  found  to  be  loosened  and  pulverised. 
Few  men  live  in  situations  enabling  them  to  observe,  and  of  these 
1  fewer  have  the  ability  or  the  inclination  to  record,  the  amount  of 
i  agency  in  the  remote  places  where  it  is  greatest.  Its  amount, 
irever,  may  be  estimated  by  the  piles  of  angular  fragments,  lying  at 
foot  of  crags  and  precipices,  or  sometimes  on  the  steep  summits  of 
mountains,  where  they  are  the  ruins  of  formerly  existing  ''  tors " 
i  pinnacles.  Captain  Beechy,  in  his  voyage  towards  the  North  Pole, 
eribes  the  amount  of  this  action  as  very  great  in  Spitzbeigen.  He 
nd  the  mountains  rapidly  disintegrating  from  the  great  absorption 
iret  during  summer,  and  its  dilatation  by  frost  in  winter.  ''  Masses 
rock  were,  in  consequence,  repeatedly  detached  from  the  hills, 
ompanied  by  a  loud  report,  and  falling  from  a  great  height,  were 
ttered  to  fragments  at  the  base  of  the  mountain,  there  to  undeigo 
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a  more  active  dismtegration."     Soil  was  tihiiB  foimed  up  to  1500  feet 
above  the  sea.*     Similar  observatiomi-  were  made  by  Dr.  Kane  in 
North  Greenland,  where  the  waste  of  the  difb  by  frost  goes  on  ewf  ' 
year  on  a  great  8cale.t 

The  effects  of  frost  upon  rivers,  in  enabling  them  to  transport  flsnd, 
mud,  gravel,  and  large  blocks  of  rock,  have  been  already  refored  to. 

/S.  Snow. 

When  rain  or  aqneons  vapour  is  cooled  down  to  the  freezing  point, 
as  it  passes  through  a  cold  layer  of  the  atmosphere,  it  is  froasen,  and  &Ui 
to  the  earth  as  hail  or  snow.  Hailstones,  when  of  large  size,  are  often 
destructive  to  cattle  and  vegetation.  Snow,  when  it  does  not  faU 
deeply,  and  remains  stationary  and  unmelted,  exercises  a  protectire 
influence  on  the  face  of  the  land,  shielding  rocks,  soils,  and  vegetation 
from  the  disintegrating  effects  of  frost  When,  however,  it  accumnlatei 
to  a  great  depth  on  forests  and  woodlands,  its  weight  sometimes  breaki 
down  branches  and  even  bends  down  entire  trees.  In  like  mamier, 
when  the  deep  accumulations  of  snow  are  formed  on  steep  slopes,  they 
are  apt  to  be  loosened  by  thaw,  by  springs,  or  by  their  own  increasing 
weight,  and  large  masses,  called  in  Switzerland  avalanches,  are  let  loose, 
and  sweep  down  into  the  valleys,  carrying  ruin  and  desolation  as  far  ai 
they  reach.  In  the  more  exposed  parts  of  the  chief  routes  in  moim- 
tainous  countries,  exposed  to  such  snow-slides,  archways  ore  built  over 
the  roads,  and  woods  are  protected  with  care,  as  a  bulwark  against  the 
descending  snow.  J  The  rapid  thawing  of  snow  gives  rise  to  great 
floods.  Hence,  in  Switzerland,  a  warm  south  wind  in  early  summer 
may,  by  quickly  melting  the  snows  on  the  mountains,  give  rise  to 
disastrous  inundations,  even  though  the  weather  should  be  fine  and 
rainless. 

7*  Glaciers. 

When  mountains  are  covered  by  perpetual  snow,  all  the  parts  ao 
covered  are  protected  by  this  envelope  from  change.  In  such 
situations,  however,  the  moving  power  of  water  takes  another  form, 
that  of  the  glacier,  or  "  river  of  ice."  The  lower  border  of  the  pe^ 
petual  snow-mass  passes  into  ice,  chiefly  from  the  pressure  of  the 
mass  above,  but  partly  from  the  alternation  of  melting  and  freezing 
temperatures,  just  as  snow  on  the  roof  of  a  house  forms  icicles  at  its 
lower  edge,  when  some  of  it  is  melted  by  the  sun  or  the  warmth  of  the 
house,  and  re-frozen  by  the  cold  from  radiation  or  the  next  night's 
frost  This  ice  accumulates  in  the  valleys,  and  is  frozen  into  a  solid  or 
nearly  solid  mass,  called  a  glacier.     Glaciers  sometimes  fill  up  valleys 

*  See  Sir  J.  Rf  chardAon's  Polar  Voyagtt,  p.  807. 
t  See  Kane's  Arelie  Explorations^  and  Hayes*  Open  Polar  Sea. 

X  See  antt,  p.  S82. 
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Alps  twenty  or  thirty^  miles  long,  by  a  mile  or  more  wide,  to  the 
Ji  of  600  feet,  or  more.  Although  apparently  solid  and  stationary, 
^  zeaUy  move  slowly  down  the  valleys,  and  carry  with  them,  either 
ihe  snr&ce,  frozen  into  their  mass,  or  grinding  along  the  bottom,  all 
fragments,  large  and  small,  from  blocks  many  tons  in  weight,  down 
be  finest  sand  and  mnd,  which  rain,  and  ice,  and  the  friction  of  the 
^img  glacier  itself,  detach  from  the  adjacent  rocks.  The  glaciers  of 
Alps  descend  to  a  vertical  depth  of  nearly  4000  feet  below  the  line 
perpetual  snow,  before  they  finally  melt  away,  and  leap  forth  as 

of  nmning  water.  The  confused  pile  of  materials,  of  all  sorts 
,  which  they  there  deposit,  is  called  the  moraine.  This  word 
lao  applied  to  the  lines  of  blocks  that  are  carried  along  on  the  surface 
ihm  ice.  When  these  lines  of  rock-rubbish  run  along  the  maigin 
Ike  glacier  they  are  called  the  lateral  moraines,  the  one  at  the  end 
llie  glacier  being  styled  the  terminal  moraine.  It  is  easy  to  imder- 
nd  that  a  glacier  slipping  down  its  valley  must  bear  on  its  sides  the 
itks  that  fidl  from  the  adjacent  cliffs,  just  as  a  river  would  carry 
*&  the  sticks  and  leaves  from  the  woods  on  its  banks.  A  line  of 
IkIs  may  thus  be  seen  on  each  side  of  the  glacier,  and  if  two  ice- 
^BDs  unite,  the  two  lines  of  transported  substances  on  their  adjacent 
■H  would  likewise  unite,  and  be  carried  down  as  a  medial  moraine 
^  the  centre  of  the  stream  below  the  junction.  In  this  manner,  if 
tfider  have  many  tributaries  in  its  upper  parts,  the  lower  portion  of 
Vmij  have  many  medial  lines  of  moraine,  and  in  some  cases  so  many 
'  to  be  entirely  covered  with  a  confused  coating  of  debris.**^ 
Hie  glaciers  of  the  Alps,  and  other  mountainous  regions  in  temperate 
inteitropical  latitudes,  are  only  found  in  the  valleys,  and  are  to  be 
^nded  as  the  drainage  of  the  snow-fall,  just  as  rivers  are  the  drainage 
the  rain-fall  of  a  coimtry.  But  in  the  polar  regions  the  land  is 
tfsloped  in  a  vast  sheet  of  snow  or  ice,  which,  augmented  by  constant 
Us  of  snow  upon  its  surface,  moves  slowly  but  irresistibly  over  the 
bd,  down  to  the  sea.  Greenland  is  a  great  continent  buried  under 
eh  a  pall  of  snow.  All  its  inequalities,  save  the  mere  sharp  moun- 
In  summits,  are  concealed,  and  the  snow  pressing  down  the  slopes,  and 
en  mounting  over  the  minor  hills,  passes  beneath  into  compact  ice. 
om  all  the  main  valleys  great  tongues  of  ice,  2000  or  3000  feet 

■  Vor  deteriptioDS  of  the  glaciers  of  the  Alps,  and  the  cause  of  the  motion  of  glaciers, 
the  vorics  of  Agassis  and  Charpentier,  J.  Forbes,  and  Dr.  T]mdall ;  also  papen  on 
•fv  SBOtioD,  hj  Canon  Moseley,  Proceedings  of  the  Boyal  Societi/,  zvii.  202;  hj  the  late 
BopldiiSy  Theontioal  InvestigcUUme  on  the  Motion  of  Glaciers^  Cambridge,  1842,  and 
A.  FkO.  Trane.  1804  ;  and  hj  Mr.  CroU,  PhU.  Mag.,  March  1869  and  September  1870 ; 
IIm  ^aeiSTS  of  the  Himalaya,  Dr.  Hooker's  Himalayan  JoumaU,  and  papers  by  Captain 
Ivfa-Ansten  in  the  JonmaZ  of  (kt  Oeographical  Society.  The  student  of  glacial  action 
old  Boi  fidl  to  oonsult  a  brief  bnt  raluable  "Keport  on  Ice  as  an  Agent  of  Q«o\o\^^ 
ia«s»*  IB  tha  Jttport  qfOU  BriHeh  AstoeiaiUm  tor  1869,  p.  171. 
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thick,  and  sometimes  50  miles  or  more  in  breadth,  are  thns  piuhedoat 
to  sea,  where  they  break  off  in  huge  fragments,  which  float  away  tt 
icebei^  * 

The  river  of  water  that  always  springs  from  the  end  of  a  glacier,  it, 
of  course,  quite  unable  to  move  the  laiger  blocks  which  have  been 
carried  down  by  the  glacier,  and  they  remain  in  the  terminal  moniM 
until  they  are  worn  away,  or  broken  up  by  atmospheric  influenctt. 
The  river,  however,  carries  off  at  once  the  fine  mud  and  impalpablo 
powder  t  derived  from  the  grinding  action  of  the  glacier,  and  flowi 
as  a  dirty  yellowish  or  greenish  white  stream,  imtil  it  reaches  the 
sea,  or  some  great  lake  like  that  of  Geneva,  in  which  the  sediment 
may  be  deposited    The  Rhone  that  has  become  purified  in  the  Lake  of 
Geneva  is,  shortly  after  issuing  from  it,  contaminated  by  the  Arve  and 
other  rivers  below.     The  Rhine  deposits  its  own  proper  sediment  in  the 
Lake  of  Constance,  and  the  muddy  rivers  that  descend  from  the  northern 
slopes  of  the  Bernese  Oberland  are  likewise  filtered  by  lakes,  so  that  the 
glacial  detritus  of  Switzerland  is  not  carried  into  the  North  Sea,  as  it  is 
by  the  Rhone  into  the  Mediterranean.    Much  of  the  mud  poured  into  the 
Adriatic  by  the  Po  must  come  from  the  glaciers  of  Mont  Blanc,  and  its 
neighbourhood,  that  descend  towards  the  Val  d'Aosta.  In  like  manner, 
from  the  same  great  central  group  of  European  mountains,  the  finer 
detritus  delivered  from  the  glaciers  of  the  Tyrol  by  the  Inn  into  the 
Danube,  is  borne  eastwards  and  thrown  down  in  the  Black  Sea.     We 
shall  see  in  a  subsequent  chapter,  that,  during  a  time  known  as  the 
Glacial  Period,  when  the  quantity  of  snow  and  ice  in  Europe  was 
enonnously  greater  than  it  is  now,  the  swollen  muddy  rivers  from  the 
Alps  laid  down  a  vast  amount  of  mud,  now  called  loess,  over  the  valleys 
and  plains  from  the  North  Sea  to  the  Euxine. 

The  amount  of  fine  sediment  which  discolours  all  streams  that  escape 
from  the  melting  ends  of  glaciers,  is  an  index  to  the  amount  of  erosion 
which  glaciers  are  ceaselessly  carrying  on.  This  erosion  is  effected  not 
by  the  mere  contact  and  pressure  of  the  ice  upon  the  rocks,  but  by 
means  of  the  fine  sand,  stones,  and  blocks  of  rock,  which,  falling  between 
the  sides  of  the  glaciers  and  the  bounding  rocks,  or  through  crevasses 
or  rents  of  the  ice,  are  ground  down  against  the  sides  and  bottom  of  the 
valley  as  the  ice  moves  downward   The  hardest  rock  is  thus  worn  away, 

*  Sec  Kane  and  Hayes,  in  the  works  already  cited ;  also  Rink,  Joum,  GeograjiK  Scc^ 
voL  xxiiL 

t  The  ice  of  a  glacier  seems  in  its  lower  part  to  be  always  ftill  of  little  babbles,  con- 
taining small  nests  of  this  dirty  powder.  The  author  obsen-ed  in  the  summer  of  1860,  th»t 
at  some  of  the  hotels  in  Switzerland  (especially  at  Chamounix,  at  the  Hotel  des  Londm), 
ice  was  provided  at  the  table  dliote.  This  was  of  course  ghicier-ice,  and  on  putting  apiert 
of  It  into  a  ghuts  of  water,  first  one  and  then  another  of  the  little  bubbles  in  the  ice  bunt, 
as  its  walls  melted,  and  a  cloud  of  sediment  was  discharged  into  the  water,  so  that  in  the 
space  of  ten  minutes  the  glass  of  water,  which  was  at  first  quite  clear,  became  as  turbid  u 
if  a  spoonfbl  of  milk  had  been  dropped  into  it 
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if  the  ice  retira  from  it  for  a  vhile,  we  see  ita  aoiface  worn  smooth 
covered  with  fine  itrim  &nd  deeper  grooves,  which  show  when  the 
aa  of  sand  or  points  of  atones  wwe  kept  fast  in  the  ice,  as  in  &  vice, 
■cored  the  rock  over  which  thej  were  pushed.  InaqoalitLea  in  the 
■r  of  resutance  of  theTockgiveiise  toawBTyimdnlatedsar&ce,  the 
idnences  or  harder  parts  being  nsnally  smoothed  off  into  the  shape 
'Whale's  hack,  and  in  that  form  knovra  oa  neha  trunUonnUt.  They, 
■U  aa  the  hfdlows  or  aoftet  porta,  ore  scored  from  end  to  end  with 
>  and  grooves  in  the  direction  in  which  the  ice  haa  moved. 
Rte  existence  of  softer  parts  in  a  rock  has  enabled  the  ice  of  a  ghicier 
MM^  ont  not  only  long  confluent  hollows,  hut  even  baedU'shaped 
Cas,  which,  on  the  retirement  of  the  ice,  are  filled  with  water  and 
t  lakes,  unless  choked  np  with  the  glacial  detritus.  A  similar  kind 
■anon  may  take  place  even  without  any  marked  variety  of  texture 
W  rack,  if  the  glacier  is,  as  it  were,  strangled  by  a  constriction  of  tha 
9(  aod  is  made  to  exert  an  enormous  grinding  action  on  the  rocks, 
iaqneene  itaeU  through  or  over  the  obetmction.  Bnnning  water 
ki  to  fill  np  kkes,  not  to  form  them,  and,  aa  Profesaor  Banuay  flnt 
■ted  oat,  the  only  general  agent  which,  so  far  aa  we  know,  con  dig 
aavitiea  in  any  solid  rock,  oi  even  in  clay,  ia  glacier-ice.  The  con- 
■IB  necessaiy  for  this  operation  are  probably  never  fully  complied 
1^  except  under  «  great  sheet  of  ice  covering  the  land,  like  that  of 
Ubud,  where  tiie  grinding  power  of  the  ice  is  not  inteifered  with 
'tte  general  snbaerial  waste.  In  the  case  of  a  glacier  valley,  the 
In^  as  the  ice  retires,  ia  filled  np  with  moraine  rubbish,  and  the 
■1  Toek.  is  not  seen,  except  in  the  prominent  rochet  maalannle*.  Sut 
^  case  of  a  continental  ice-eheet  there  is  little  or  no  superficial 
Ptiie  detritus ;  and  when  the  ice  creeps  back  and  allows  the  ice-worn 

■  nilaces  to  be  seen,  the  only  detritus  which  can  cover  up  the  scooped- 
nt&.haeina  ia  that  which  has  been  pushed  along  under  the  ice,  that 
!b^nuidini)rdn<or>n«rinn«^>ro/&n(f«  of  Swissgeolc^ta.  Thia  deposit, 

■  ii  wide-spread  and  often  very  deep,  must  doubtless  conceal  much 
^  anrfaoe  on  which  the  ice  worked  ;  but,  on  the  rising-grounds, 
in  it  did  not  accumulate,  and  among  the  mountains,  where  the  ice 
|nd  longest,  we  may  expect  to  find  the  rock-basinB  preserved.  And 
b,  in  fact,  in  such  places  that  we  do  find  them.  The  question  of  the 
pn  of  lake-basins  will  be  discufsed  in  Chapter  XXVL  treating  of 
rMOgraphy. 


CHAPTEE  XXIV. 

THE   8EA. 

Viewed  as  a  great  geological*  agent,  the  sea  presents  itself  to  us  irndei 
four  aspects  : — Ist,  As  a  vast  body  of  water  in  which  the  more  aolnUfi 
substances  of  the  globe  are  held  in  chemical  solution  ;  2d,  As  an  im- 
portant agent  in  modifying  the  distribution  of  climate  ;  3d,  As  one  d 
the  great  powers  employed  in  effecting  the  waste  of  the  land  ;  and,  4t]^ 
As  the  receptacle  into  which  the  debris  of  the  land  must  ultimate^ 
come,  and  where  the  materials  for  new  continents  are  accumulated. 

1.  Chemiccd  Composition  of  the  Sea. 

The  specific  gravity  of  the  sea  is  greater  than  that  of  fresh  water, 
but  varies  in  difi'erent  parts  of  the  globe,  and  even  in  adjacent  parts  of 
the  same  ocean.  It  is  least  near  the  mouths  of  rivers,  and  in  polar 
regions,  where  it  is  mixed  with  the  fresh  water  from  melted  ice.  It  ii 
greater  in  low  than  in  high  latitudes.  According  to  the  determinations 
given  by  Von  Bibra,  the  mean  specific  gravity  of  specimens  of  water 
from  the  Atlantic,  Pacific,  and  German  Oceans,  was  found  to  range  from 
1-0244  to  1-0287.* 

Sea-water  contains  air  and  carbonic  acid,  as  well  as  other  gaseons 
substances.  Observations  ofif  the  coast  of  Algiers  showed  that  th«  water, 
at  the  depth  of  66  metres,  contained  from  -01  to  -02  of  its  volume  of 
air,  while  in  the  region  of  St,  Malo  the  proportion  varied  from  l-20yi 
to  l-30th  of  the  volume  of  the  water .t  The  waters  of  the  European 
seas,  according  to  Vogel  and  Bischof,  contain  from  '7  to  2*3  parts  by 
weight  of  carbonic  acid  gas  in  the  10,000  of  water ;  but  in  the  South 
Sea  and  Indian  Ocean,  only  from  '045  to  '35  parts  by  weight  in  the 
10,000.1  It  was  apparently  established,  however,  by  experiments  in 
the  latter  oceans,  that  the  quantity  of  air,  and  especially  of  carbonie 
acid  gas,  increased  with  the  depth  from  which  the  water  was  taken. 
Sulphuretted  hydrogen  and  hydro-sulphuret  of  ammonia  are  present  in 
sea-water,  owing  to  the  decomposition  of  its  sulphates  by  organic 
matter. 

The  average  proportion  of  saline  constituents  in  sea-water  is  abont 


•  Bischof,  I.  97. 


t  Op.  cU.  115. 


tOp.cU.L  113,  and  115,  note. 
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nd  a  bdf  parts  in  every  bandied  parts  of  water.    They  ocmsisfe 
following  salts : — * 

Percentage. 
Chloride  of  Sodium  (oommon  salt)    .  .  75786 


Chloride  of  Magnesium 
Chloride  of  Potassium 
Bromide  of  Sodium 
Sulphate  of  Lime'  (gjrpsum) 
Sulphate  o(  Ifagnesia  (Epsom  salts) 


Total  percentage  of  salts  in  sea^water 


9159 
8-657 
1-184 
4-617 
5-597 

100-000 

8-527 


m  sea-water  is  eyaporated,  the  point  of  saturation  for  sulphate  of  lime  Is 
wner  reached  than  that  for  rock-salt ;  87  per  cent  of  the  water  being  la- 
to  be  remored  in  the  one  case,  and  98  per  cent  in  the  other,  f  Qypsnm^ 
e,  must  always  be  deposited  before  rock-salt,  and  it  is  possible  for  tiia 
'  saturation  to  be  reached  for  gypsum  in  many  cases  without  that  for  rook- 
ng  attained.  This  may  be  the  reason  that,  although  the  sea  contains 
times  as  much  salt  as  it  does  gypsum,  the  latter  more  frequently  occurs  as 
al  deposit  than  the  former,  though  not  often  in  such  great  masses.  It  has 
jested  that,  in  consequence  of  the  greater  specific  gravity  of  sea-water 
og  with  the  quantity  of  salt  it  contains,  and  the  eyaporation  at  the  surface 
a  perpetual  increase  in  the  salt  of  the  surface  water,  a  part  of  the 
hich  holds  a  larger  quantity  of  salt  in  solution  than  the  rest  may  sink  to 
tom  of  the  sea,  and  that  tbla  process  may  be  continued  until  the  lower 
M  saturated  with  salt,  and  precipitation  take  place.  The  circulating 
I  of  the  ocean,  howerer,  keep  up  such  a  constant  mixture  of  its  waters  as 
leem  altogether  to  prevent  this  action ;  and  even  in  deep  hollows  and 
inch  as  the  Mediterranean,  separated  by  a  shallower  bar  (1320  feet  at  the 
I  from  the  bed  of  the  ocean,  the  trtu^Hon  of  the  currents  passing  over  this 
lent,  according  to  Maury,  to  prevent  any  accumulation  of  denser  and  Salter 
t  the  bottom. 

solated  seas,  such  as  the  Dead  Sea,  where  the  water  is  entirely  saturated 
%  evaporation  may,  doubtless,  cause  a  precipitation  on  its  bed  or  along 
diores.  Here,  and  in  shallow  lagoons,  such  as  the  limans  of  Bessarabia, 
r  Odessa,  that  dry  up  in  simmier,  we  have  the  formatiou  of  rock-salt  going 
re  our  eyes. 

n  can  be  little  doubt  that  inland  seas  and  salt  lakes  are  not  necessarily 
I  of  the  great  ocean  left  in  hollows  on  the  elevation  of  the  land.  In  most, 
I  all  cases,  their  saltness  is  to  be  attributed  to  the  fact  that,  as  they  have 
Jt  to  the  sea,  their  waters  are  constantly,  as  it  were,  boiled  down  by 
tion  and  become  saline,  the  salts  being  derived  by  the  various  inflowing 
vm  the  dissolution  of  the  rocks. 

irithstanding  the  vast  quantity  of  carbonate  of  lime  carried  down  into 
observation  shows  that  the  quantity  to  be  found  in  sea-water  is  commonly 
lalL  In  most  analyses  of  sea-water  it  is  not  mentioned  at  alL  Sea-water 
riiile  Bay,  Barbadoes,  indeed,  was  said  to  contain  10  parts  in  100,000,  and 
ar  from  between  England  and  Belgium,  5*7  parts  in  100,000,  but  in  the 
I,  at  a  distance  from  any  land,  it  is  said  to  be  rarely  if  ever  discoverable  by 
.  Tha  smallness  of  the  quantity  to  be  found  in  sea-water,  compared  with 
almost  all  rivers,  is  doubtless,  hi  great  measure,  owing  to  the  quantity  of 


•  Biaehor,  I  879. 


t  Biscbof,  2oe.  eU. 
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carbonate  of  lime  constantly  abstracted  fix>m  eea-water  by  marine  aninuJs,  in  order 
to  form  their  shells  and  other  hard  parts.  When  we  consider  the  number  md 
variety  of  fish  and  mollusca,  Crustacea,  echinodermata,  and  polyps,  tHat  inhabit 
the  sea,  and  especially  when  we  look  at  the  enormous  bulk  of  the  ooTal-reefs  that 
are  found  within  the  tropics,  we  shall  form  some  notion  of  the  vast  amount  of 
carbonate  of  lime  annually  abstracted  from  the  ocean.  That  it  is  abstracted  mors 
in  one  part  than  another,  and  yet  the  ocean  maintains  a  nearly  equal  average,  will 
not  be  surprising  when  we  reflect  on  the  extent  of  the  great  currents  that  trsTerte 
the  sea,  and  look  upon  the  entire  ocean  as  one  vast,  slowly  circulating  system  d 
moving  water. 

The  quantity  of  free  carbonic  acid  gas  contained  in  the  sea,  is  said,  by  BischoC 
to  be  five  times  as  much  as  is  necessary  to  keep  in  a  fluid  state  the  quantity  of 
carbonate  of  lime  to  be  found  in  the  sea.  He  argues,  therefore,  that  it  is  impossiUe 
for  any  carbonate  of  lime  to  be  precipitated  in  a  solid  form  at  the  bottom  of  the 
sea  by  chemical  action  alone.  No  evaporation  of  water  and  gas  can  occur  to  t 
suflicient  extent  in  the  sea  for  precipitation  to  take  place,  as  it  does  fh>m  thi 
waters  of  calcareous  springs.  We  are  almost  compelled,  therefore,  to  oondnda 
with  Hutton,  that  all  our  marine  limestones  have  been  formed  by  the  inters 
vention  of  the  powers  of  organic  life,  separating  the  little  particles  of  carbmite 
of  lime  from  the  water,  and  solidifying  them  as  jMurts  of  their  own  bodies. 

Of  the  salts  dissolved  in  sea- water,  8  to  15  per  cent  consist  of  chloride  of 
magnesium,  and  6  to  16  per  cent  of  sulphate  of  magnesia.  From  the  quantity  of 
free  carlx)nic  acid  in  the  sco,  it  is  plain  that  these  salts  might  be  converted  into  car* 
bonate  of  magnesia,  but  that  if  so,  it  would  be  kept  in  solution  as  a  bi-carbonste 
(or  sesqui-carbonate),  as  in  the  case  of  carbonate  of  lime.  All  that  lias  been  said, 
therefore,  as  to  the  necessity  for  calling  in  the  aid  of  organic  life  to  solidify  ca^ 
bonate  of  lime  from  the  waters  of  the  sea,  **  holds  good  in  regard  to  carbontte  of 
magnesia,  and  the  more  so,  since  this  salt  always  separates  later  than  carbonate  d 
lime,  even  from  fluids  which  have  undergone  a  very  high  degree  of  evaporation."* 

There  is,  however,  this  diflieulty  in  this  view : — The  carbonate  of  lime  is 
largely  separated  from  the  sea-water  by  being  made  to  enter  into  the  compositicB 
of  the  hard  parts  of  marine  animals  in  overwhelming  proportion,  whereas  the  pc^ 
centage  of  carljonate  of  magnesia  to  be  found  in  the  hard  parts  of  corals  and 
mollusca  does  not  usually  exceed  1  or  2  per  cent.  Neither  do  we  know  any  cUw 
of  animals  that  secrete  any  much  greater  quantity  of  magnesia,  as  some  of  the  in* 
fusorial  animals  secrete  silica.  Yet  in  many  widely-spread  magnesian  limestcnes 
the  quantity  of  magnesia  is  almost  equal  to  that  of  lime,  and  the  proportion  is 
frequently  as  much  as  20  to  80  |)er  cent.  Forchhammer,  however,  found  2*1  p«r 
cent  in  Corallium  ii^jbilet  6*36  per  cent  in  /«>  hippjiris^  and  7 "6 4  per  cent  in  some 
species  of  Serpuhy  while  16  to  19  per  cent  have  been  found  in  some  si)eci«  erf 
Sfillepore.f  Mugnesian  limestones  are,  however,  generally  poor  in  organic  ^^ 
mains,  though  this  may  be  the  result  of  their  more  perfect  crystallisation  and 
mineralisation,  by  which  the  organic  structure  has  been  obliterated,  rather  than  of 
the  absence  of  organic  beings  from  the  original  deposit.  Mr.  Sterry  Hunt  has  de- 
monstrated the  |)ossibility  of  the  chemical  deposition  of  dolomite  in  isolated  lakes 
or  seas,  where  great  eva()oration  is  taking  place,  but  it  is  difficult  to  imagine  many 
of  our  dolomites  to  have  been  formed  in  such  situations. 

*  Bischof,  vol.  i.  pp.  99  to  105, 117.  The  quantity  of  carbonate  of  magnesia  carried  down  bj 
the  Rhine  into  the  sea  in  the  course  of  twenty-four  hours,  is  4,621,956  lbs.,  sufficient  to  yi«ld 
10,087,202  lbs.  of  dolomite,  couBisting  of  equal  equivalents  of  the  carbonates  of  lime  and 
magnesia.  This  quantity  would  be  equal  to  a  square  mass  1  foot  high,  and  239  feet  in  tbe 
side  every  day,  or  4560  feet  In  the  side  in  the  course  of  a  year.— {Bischof,  iii.  178.) 

t  Mr.  Sterry  Hunt  (Gtol.  Reports  of  Canada  for  1857,  p.  208),  who  cites  a  dolomite  of  recent 
formation  at  Tahiti,  believed  by  Dana  to  be  formed  by  the  solidification  of  coral  mud  (p.  19<)i 
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her  mineral  constitafliits  of  seft-water  the  most  imporUnt  is  silica.  It 
r  Forchhammer  in  all  the  specimens  of  sea-water  analysed  by  him,  the 
portion  being  *08  in  10,000  parts  of  water.  Silver  and  arsenic  have 
d  in  sea-water ;  iodine  occurs  in  marine  plants,  and  is  probably 
1  the  water ;  and  the  phosphates  found  in  marine  animals  have 
Imilar  origin. 

ileal  changes  effected  by  the  water  of  the  sea  upon  submarine  and 
lave  not  yet  been  properly  studied.* 

2.  Inflaenoe  of  the  Ocean  on  Climate. 

laission  of  this  part  of  the  subject  belongs  more  properly  to 
ography.  It  may  be  enough  here  to  point  out  that  Uie  currents 
s  tend  to  diffuse  temperature  :  those  from  a  colder  region  cool 
into  which  they  pass ;  while,  on  the  other  hand,  those  from 
atitude  carry  its  warmth  into  colder  areas.  Thus  the  Arctic 
^ing  down  along  the  north-east  coast  of  America  reduces  the 
lal  temperature  ;  while  the  Gulf-stream,  which  reaches  the 
the  north-west  of  Europe,  raises  the  temperature.  Hence 
L  the  south-eastern  headlands  of  Labrador,  which  are  in  the 
lei  of  latitude,  differ  as  much  as  18°  in  their  mean  annual 
e,  that  of  Dublin  being  50'',  and  that  of  Labrador  32''  Fahr.t 

8.  Erosion  of  the  Iiand  by  the  Sea. 

tr-Action. — The  waters  of  the  sea  are  kept  in  constant  move- 
arrents  and  tides.  Wherever  this  moving  water  can  push 
lid,  sand,  gravel,  or  boulders,  it  effects  a  mechanical  erosion 
:  on  which  these  detrital  materials  are  moved.  This  action 
iry  feeble  at  great  depths.  It  is  at  its  maximum  where  the 
ters  of  the  sea  infringe  upon  the  land, 
roe  of  the  breakers  of  the  Atlantic  on  the  west  coast  of  Scot- 
land to  be  on  the  average  equal  to  a  pressure  of  611  lbs.  on 
foot  in  summer,  and  2086  lbs.  in  winter.  The  force  of 
iiring  storms  was  ascertained,  for  the  Atlantic  at  Skerryvore, 
I  North  Sea  at  the  Bell  Rock,  to  be  sometimes  equivalent  to 
of  nearly  three  tons  per  square  foot.t  The  immense  force 
wr  given  by  one  of  these  breakers  must  often  remove  frag- 
rock,  especially  when  these  have  been  already  loosened  by 

• 

is  when  the  waves  beat  on  a  rocky  shore,  where  they  can 
1  hurl  forward  gravel  and  blocks  of  stone,  that  they  attain 
est  power  as  destructive  agents.  The  rocks  against  which 
the  detritus  of  the  beach  are  battered  down  as  by  a  kind  of 

erer,  the  7th  chapter  of  the  Ist  volume  of  Blschofs  work. 

ent  may  consult  with  profit  lome  recent  papers  by  Mr.  Croll  on  the  **  Oulf- 

'*  Ocean  CarrenU/'  in  the  Gtol  Mag.  and  PhU.  Mag.  for  18G9  and  1870. 

>n,  TroM.  Roy.  Soc.  Bdin.  zvi.  S5,  28. 
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artillery.*  Such  parts  of  the  clifib  as  are  softer  or  more  jointed  thin 
others,  are  hollowed  out  into  bays,  creeks,  and  caves,  while  the  moie 
resisting  parts  stand  out  as  headlands.t 

The  power  of  waves  to  move  large  blocks  of  stone  is  sometime 
remarkably  displayed  during  storms.  Masses  of  rock,  many  tons  in 
weight,  arc  rolled  about  like  pebbles,  and  even  swept  away  for  a  con- 
siderable distance. 

At  high-water,  and  during  gales  of  wind,  with  heavy  breakers  rolling 
in  upon  the  coast,  va^t  volumes  of  water  are  poured  suddenly  into  the 
narrow  sea- worn  caverns,  and  rolling  on,  compress  the  air  at  their  faitlier 
end  into  every  joint  and  pore  of  the  rock  above,  and  then  suddenly 
receding,  suck  both  air  and  wat^r  back  again,  with  such  force  ss  nov 
and  then  to  loosen  some  part  of  the  roof.  Working  in  this  way,  the 
sea  sometimes  gradually  forms  a  passage  for  itself  to  the  surface  abore, 
and  if  that  be  not  too  lofty,  forms  a  "  blow-hole  "  or  "  puffing-hole," 
through  which  spouts  of  foam  and  spray  are  occasionally  ejected  high 
into  the  air.  At  the  promontory  of  Loop  Head,  Mr.  Marcus  Keane  has 
ob8er\-ed  that  considerable  blocks  of  rock  have  been  blown  into  the  air 
on  the  formation  of  one  of  these  puffing-holes,  and  that  large  holes, 
opening  down  into  cavernous  gullies,  lead  from  one  cove  to  another, 
behind  bold  headlands  of  over  a  hundred  feet  in  height,  showing  huw 
the  land  is  undermined  by  the  sea,  and  headlands  gradually  made  into 
islands.  One  such  square  precipitous  island,  which  is  now  at  least 
twenty  yards  from  the  mainland,  was  said  by  the  farmer  who  held  the 
ground  to  have  been  accessible  by  a  twelve-foot  plank  when  he  was  « 
boy.  Mr.  W.  L.  Wilson,  late  of  the  Geological  Survey  of  Ireland, 
found  in  the  far  part  of  the  promontory  between  Bantry  and  Dun- 
maims  Biiys,  dark  holes  in  the  fields  some  distance  back  from  the  edge 
of  the  cliffs,  looking  down  into  which  the  sea  might  be  dimly  seen 
wasliing  backwards  and  forwards  in  the  narrow  cavern  below.  In 
County  Kerry,  Ballybunion  Head  is  completely  undermined  by  caverns, 
into  which  the  sea  enters  from  botli  sides.     The  whole  coast  of  Clarej 

•  Playfttir'g  Ilhistrotions,  §  07. 

t  The  nature  and  extent  of  tlie  erosive  action  of  the  breakers  may  l»€  partly  gatb^reJ 
ftom  a  sinjfular  anecdote  given  by  Mr.  W.  J.  Ilenwood  in  the  0th  vol  of  the  Trant.  Fut 
Geol.  Soc.  Corn.  p.  11.  "I  woa  once,"  he  says,  "underground  in  Wheal  Cock,  near  8t 
Just,  during  a  stomi.  At  tlie  clitf  the  level  was  20  fathoms  below  high-water,  but  tbe  OTt 
was  worked  to  within  9  feet  of  the  sea  at  the  time  of  my  visit  (1821).  At  the  extremity  <^ 
the  level,  seaward,  some  SO  or  W  fathoms  from  the  shore,  little  couhl  he  heard  of  theefl<rt« 
of  the  stunn,  except  at  intervals,  when  the  reflux  uf  some  unusually  large  wave  pn^jecU<i 
a  pebble  outward,  bounding  and  rolling  over  the  rocky  bottom.  But  when  standlBg 
beneath  the  base  of  the  clitf,  and  in  that  ]*art  of  the  mine  where  but  9  feet  of  rock  itioci 
between  ns  and  the  ocean,  the  heavy  roll  of  the  large  boulders,  the  ceaseless  grinding  of  tbe 
pebbles,  the  fierce  thundering  of  the  billows,  with  the  crackling  and  boiling,  as  they  ^^ 
bounded,  placed  a  tempest  in  its  most  appalling  form  too  vividly  before  me  ever  to  U 
foigtotten." 
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of  the  Aran  Islands,  is  a  succession  of  precipitous  cliffs  with  vertical 
3,  the  result  of  the  sea  acting  on  the  large  cuboidal  joints  that 
erse  the  rocks.   The  celebrated  cliffs  of  Moher  in  that  county,  which 

with  a  perfectly  vertical  face  to  heights  of  more  than  600  feet, 
"d  magnificent  examples  of  the  way  in  which  the  ocean  takes  ad- 
4ige  of  the  joint  structure  to  cut  back  into  the  land,  however  lofty 
cwever  hard  and  unyielding  it  may  apparently  be.* 
The  coast-line  of  Great  Britain  affords  many  illustrations  of  this 
Dgical  process.  Within  the  last  few  centuries  whole  parishes  and 
Lges  have  been  washed  away,  and  ships  now  sail  over  districts 
th  in  old  times  were  cultivated  fields  and  cheerful  hamlets.     The 

of  loss  is  particularly  high  along  the  coast  of  Yorkshire,  between 
aborough  Head  and  the  mouth  of  the  Humber,  also  between  the 
Ik  and  the  mouth  of  the  Thames.  The  cliffs  there  consist  of  soft 
»  and  in  some  places  are  said  to  be  carried  away  at  the  rate  of  three 
per  annum,  t 

Ab  the  ceaseless  gnawing  of  the  land  goes  on,  the  sea  gradually 
slices.  The  detritus  thus  formed,  while  it  wears  away  the  cliffis,  is 
C  in  turn  worn  away,  and  swept  by  currents  into  deeper  water,  or 

sheltered  parts  of  the  coast  But  fresh  detritus  is  always  pro- 
id  as  the  waste  of  the  land  goes  od,  and  becomes  the  means  of 
Wed  destruction. 

Sometimes  the  breakers,  after  exerting  a  certain  amount  of  destruc- 
action,  seem  to  raise  a  rampart  against  themselves  out  of  the  very 
%  which  they  have  caused  by  the  fall  of  the  blocks  and  masses  they 
i  undermined  ;  but  the  materials  thus  accumulated  are  themselves 
'  attacked,  and  ultimately  removed,  and  the  coast  laid  bare  for  new 
imiining  action.     Great  accumulations  of  pebble  beaches  are  com- 

along  many  coasts,  and  seem  to  remain  stationary,  since  there  are 
lys  piles  of  pebbles  to  be  found  in  the  same  places.  If,  however, 
e  are  watched,  the  accumulations  will  often  be  found  to  consist  of 
!T«nt  pebbles  from  day  to  day,  each  pebble  being  in  its  turn  washed 
I  its  place,  which  is  occupied  by  another  like  it  The  great  Chesil 
k,  connecting  the  island  of  Portland  with  the  mainland,  and  sixteen 
is  ill  length,  is  a  remarkable  example,  the  pebbles  in  any  particular 

of  it  being  always  much  of  the  same  size,  but  each  one  travelling 
iually  onwards,  and  getting  smaller  and  smaller  as  it  proceeds. ![ 

See  the  Ute  Mr.  Foot's  account  of  this  coast  in  Explanation  of  Sheets  141  and  142  of 

'«ological  Survey  of  Ireland. 

^or  imrt^mces  of  the  destructive  and  transporting  action  of  the  sea  during  historic 

K  tee  Von  HofT,  Verdnderungen  der  Erdoberfldche,  Theil  i.  p.  47  et  Bcq. ;  Lyell's  Principles^ 

••  TX.y  xxl.,  and  xxii. ;  Stevenson,  Mem,  Wemtrian  Soc.  vol.  ii. ;  De  la  Beche's  GeologUxU 

>r,  p.  53,  and  Report  on  Devon  and  Comumll ;  Geikie's  Soeiury  and  Geology  qf  Seollandt 

■  iiL 

Bee  Bristow  and  Whitaker,  Geol.  Mag.  vi.  433. 
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▲otion  of  Io«  on  the  Sea. — In  high  latitades  the  sea  ib  oovered  inA 
ice,  derived  from  two  Bonrces — Ist,  from  the  seawaid  end  of  gliden; 
2d,  from  the  freezing  of  the  sea  itself.  The  foimer  sonice  fnmiBheB  i» 
hergSj  the  latter  gives  rise  to  Jfoe-iee  and  the  ice-foot 

1.  When  a  glacier  descends  to  the  level  of  the  sea  and  continnesto 
move  forward,  it  may  advance  for  a  considerable  distance  from  thi 
shore  until  the  oscillating  motion  of  the  tides  or  the  effects  of  cnncnti 
and  storms  break  off  large  masses  or  icebergs.  These  float  away,  and, 
nnless  caught  by  the  next  winter,  and  frozen  into  the  cake  of  ice  whick 
forms  upon  the  sea,  may  be  carried  for  hundreds  of  miles  into  tem- 
perate  latitudes  before  they  finally  melt  -away.  As  a  geological  ageiit 
an  iceberg  has  two  chief  functions — (1.)  To  carry  away  from  the  land 
and  drop  into  mid-ocean  all  the  earth  and  rock-rubbish  which  WMJ 
have  fallen  upon,  or  become  imbedded  in,  the  ice  when  it  formed  ptit 
of  the  land-glaciers.  The  debris  of  the  valleys  of  Greenland  may  ii 
this  way  be  scattered  far  southward  over  the  bed  of  the  Atlantic.  (2) 
To  tear  up  the  softer  deposits  of  the  sea-bed,  and  to  rub  down  and 
groove  the  harder  rocks,  by  means  either  of  stones  fixed  in  the  ice  or  of 
those  which  may  be  lying  on  the  sea-bottom.  About  eight  times  more 
ice  of  an  icel>erg  is  below  water  than  above,  so  that  a  mass  which  riwi 
300  feet  above  the  waves  has  its  bottom  2400  below  them.  ^« 
cannot  doubt  that  the  motion  of  one  of  tliese  enormous  bei^  upon  of 
against  a  submarine  rock-surface  must  grind  it  and  groove  it,  and  that, 
during  a  long  course  of  years,  any  prominent  bank  or  bottom  on  which 
the  bergs  Ptrand,  must  be  greatly  abraded. 

2.  The  freezing  of  the  Arctic  Sea  gives  rise  to  a  cake  of  ice  along 
the  shores.  This  rises  with  the  tide,  and  freezes  to  the  land  again  at  a 
higher  level.  By  degrees  a  shelf  of  ice  120  or  130  feet  broaci,  and  20 
or  30  feet  high,  called  the  ice-foot,  clings  to  the  coast,  and  remains 
there  during  winter.  "VMien  spring  comes,  millions  of  tons  of  rock- 
rubbish,  disintegrated  and  loosened  by  the  winter  frosts,  fall  upon  the 
surface  of  the  ice-foot.  Then  come  the  storms  by  which  the  ice-foot  is 
broken  up,  and  great  cakes  of  it,  dark  with  their  freight  of  detritus, 
float  away  out  to  the  open  sea,  where  in  the  end  thej'  melt,  and  strew 
their  earth  and  stones  over  the  l:>ottom.  By  this  means  cnonnons 
quantities  of  the  debris,  so  largely  pi-oduced  by  the  Greenland  frosts, 
are  carried  away  from  the  land,  and  the  bed  of  the  seas  in  those 
regions  must  consequently  in  many  places  be  covered  with  a  thick 
deposit  of  angular  rock-nibbish* 

General  result  of  Sea-action. — The  genenil  result  of  the  erosive 
action  of  the  sea  is  to  cut  into  the  land,  and  to  phiiie  it  do'wii  to  an 
approximately  level  surface  beneath  the  waves.     ^Marine  denudation, 

♦  See  Kane's  Arctic  Explorations,  vol.  li.,  p.  225  ;  Sutherland,  QuaH.  Journ,  Gtol,  S^-' 
vol  ix.  p.  305. 
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lerefore,  gives  rise  to  a  plane.  The  subaerial  denudation,  or  the 
peiatioiiB  of  the  rariouB  agents  which  are  at  work  on  the  land,  pro- 
uce  inequalities.  The  one  forms  the  surface  of  a  future  table-land, 
be  other  scoops  out  valleys  and  ravines. 

It  ought  to  be  borne  in  mind,  however,  that  the  action  of  the  sea  is 
greatly  aided  by  the  co-operation  of  subaerial  waste.  K  there  were  no 
tosts,  springs,  and  rain,  loosening  the  framework  of  a  cliff  and  detaching 
Cb  fragments  to  the  bottom,  the  sea  would  make  comparatively  slow 
ttogress.  If  the  cutting  back  of  a  cliff  were  mainly  the  work  of  the 
lea,  we  ought  to  find  the  cliff  overhanging,  because  the  sea  acts  only  at 
tB  base.  But  the  fact  that  in  the  vast  majority  of  cases,  sea-cliffs, 
Ustead  of  overhanging,  slope  backward,  at  a  greater  or  less  angle  from 
he  sea,  shows  that  the  waste  from  subaerial  action  is  really  greater  than 
hat  from  the  action  of  the  breakers.  What  the  sea  chiefly  does  is  to 
iiieak  down  and  wash  away  the  rubbish  which  falls  from  the  cliffs,  and 
ku8  to  leave  an  ever  fresh  surface  for  renewed  denudation.  * 

4.  The  Sea  as  the  receptacle  for  the  debris  of  the  Iiand. 

We  have  now  seen  that  the  surface  of  the  land  is  undergoing  con- 
inual  waste,  and  that,  although  its  detritus  may  be  temporarily  lodged 
ipon  lake-bottoms  or  alluvial  plains,  it  is  nevertheless  in  the  end 
destined  to  find  its  w^ay  into  the  sea.  The  sea,  therefore,  receives  not 
t^erely  the  detritus  which  its  own  tides,  waves,  and  currents  may  make, 
»Ut  that  also  which  is  carried  off  by  rivers,  ice-floes,  and  icebergs,  as 
''ell  as  all  the  mineral  substances  which  rivers  hold  in  solution.  All 
his  detritus  is  spread  out  over  the  sea-floor  by  means  of  currents.  When 
he  sediment  is  fine,  and  the  current  into  which  it  comes  is  strong,  it 
ttay  be  carried  hundreds  of  miles.  Even  pebbles  and  gravel  may  be 
''U)ved  by  currents  to  vast  distances  from  land. 

The  current  that  sweeps  round  the  extremity  of  Africa,  from  the  Indian  Ocean 
^  the  Atlantic,  is  at  once  distinguishable,  by  its  dirty  olive-green  colour,  from  the 
^ep  blue  of  the  pure  ocean  water,  even  in  a  depth  of  100  fathoms,  and  out  of 
^ht  of  land.  Small  pebbles  have  been  brought  up  from  that  depth  by  the  lead, 
1^  the  change  of  colour  in  the  water  can  hardly  be  due  to  any  other  source  than 
■^  prasence  of  minutely  divided  mineral  matter  held  in  suspension  by  the  water.f 

The  sea  on  the  west  coasts  of  Ireland  and  Scotland,  where  the  current  sets 
'pon  the  land  from  the  Gulf-stream,  is  the  deep  clear  ocean  blue,  even  in  the  bays 
^  hArbonrs,  and  is  very  different  from  the  dirty  green  water  of  the  English 
'Wmel,  the  Irish  Sea,  or  the  German  Ocean,  which  has  become  loaded  with 
^tter  from  the  washing  of  our  coasts  and  rivers.  This  difference  may  be  seen 
'(^  the  small  scale  in  the  bays  of  the  western  coasts.  After  a  day's  storm  and 
'^  a  margin  of  green  discoloured  water  may  be  seen  extending  some  half-mile 
^  width  all  round  the  shores,  singularly  contrasted  with  the  bright  blue  water  of 
^  bay.  The  boundary  between  the  two  kinds  of  water  is  often  perfectly  well 
i^fined,  BO  that  it  can  be  seen  from  a  boat  a  qiuuler  of  a  mile  ahead,  and  the 

*  See  the  remarks  on  this  subject  by  Mr.  Whltaker,  Gtol.  Mag.,  vol  iv. 
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moment  ohsenred  in  vthich  the  boat  passes  from  one  kind  of  water  to  the  other. 
The  dirty  water  travels  slowly  with  the  receding  tide  towanl  the  mouth  of  tfci 
inleta,  whence  it  either  sinks  to  the  bottom  or  is  swept  away  by  marine  cnrrmta 
This  diKcnloratic^n  of  the  water,  then,  is  due  to  the  washing  of  the  land  dmi^ 
heavy  rains,  proceeding  either  directly  from  the  cliffs  or  from  the  numerous  littb 
bnM)ks  and  rivers. 

The  materials  derived  from  the  land,  either  by  river  or  sea  action,  are  carrirf 
to  greater  or  less  distances,  according  to  their  fineness.  In  the  Irish  Sea,  accordin 
to  the  Admiralty  charts,  sand  alone  is  to  be  found  within  some  miles  of  the  sboi^ 
while,  in  the  central  and  deeper  parts,  the  bottom  is  formed  of  mud.  There  «i 
two  C4)ntral  niud'l)elts  in  the  northern  part,  one  on  each  side  of  the  I^le  of  Mii^ 
the  oue  running  towards  the  iSolway,  and  the  other  continuing  into  the  C1}^ 
mouth.  In  the  Euglish  Clianncl  there  is  nothing  to  be  found  but  sand,  vidi  <f 
without  gravel  or  stones  ;  but  opposite  to  the  entrance  of  the  Bristol  Channel,  ffli 
in  the  deei)er  water  south  of  Ireland  and  west  of  the  Scilly  Islands,  there  areUi^ 
deiK)8its  of  mud  surrounded  by  sand,  the  mud  continued  in  narrow  araiA,  vhiA 
stretch  out  into  the  Atlantic,  where  it  apparently  blends  with  ooze  that  mij  ^ 
bably  be  of  organic  origin.  In  the  German  Ocean,  in  like  manner,  mud  i::  foonl 
only  in  the  central  ami  deejwr  parts,  between  Denmark  and  the  Dogger  Bank; 
and  in  the  muuth  of  the  Baltic,  between  Denmark  and  Norway,  all  the  aeaa  vitUi 
some  miles  of  the  shore  have  a  sandy  bottom. 

If  we  conipjire  the  "  bottom,"  as  indicAteil  in  the  charts  of  the  shores  of  ti* 
North  Atlantic,  with  that  of  its  centre,  as  shown  by  the  soundings  taken  for  thl 
Atlantic  telegraph,  we  shall  find,  on  the  ocean-l»ottoni,  one  widely-spre-ad  unifom 
deposit  of  sticky  ooze  drying  into  a  kind  of  chalk,  with  little  or  no  change,  ot* 
sj^aces  more  tlian  1000  miles  aon>ss  ;  while  the  change  from  thU  to  tlie  saniliU* 
muds  as  we  api>roach  the  coasts  is  sudden,  and  the  changes  in  the  nature  •'•f  *■ 
shore  deiH)sits  are  both  frequent  and  rapid.*  Yet  all  these  dejx^its  are  takinj 
place  contenijwraneously,  and  wouKl,  if  the  bed  of  the  Atlantic  wt-re  elevated  int" 
tlry  land,  Ix*  almost  necessarily  grouped  together  uinler  one  name. 

In  the  gre^at  Pacific  Ocean  deposits  are  taking  plaee,  derive^l  from  thefow 
reefs,  having  a  constjint  character  over  an  area  quite  as  wide  as  any  of  the  ftinJ* 
tions  we  are  acquainted  with  on  dry  laud.  This  great  formation  may  not  I* 
akstdutely  continuous,  even  over  all  that  part  of  tlie  ot^ean  in  which  the  o^ 
reefs  oc«;ur  ;  but  beds  of  precisely  identical  mineral  character,  and  ei>ntaini»? 
almost  exactly  the  same  organic  remains,  must  be  spread  over  large  areas  ron* 
several  central  i)oints.  Some  of  these  areas  of  deposition  of  limestone  may  oTe> 
lap  each  other,  while  others  will  be  sei)arated  by  clear  s]\ices  of  sea-})ottoin,  whtrt 
probably  no  de}«\sition  is  taking  place,  or  by  other  sea-bottoms,  where  setlimf'* 
is  de]M)sited  of  altogether  a  different  character  from  that  derive<l  fn^m  the  'i™ 
reefs.  All  the  great  ri\"ers  of  Kasteni  Asia,  for  instanc-e,  as  wtdl  as  tliose  of  th» 
north-west  coast  of  America,  carrv  down  earthv  materials  into  the  Pacitic,  of  * 
U>tally  different  character  from  the  coral-reef  detritus  ;  and  some  of  this  niavw 
very  widely  sprewl,  and  ft)rm  large  deposits  on  both  siiles  of  the  Pacific,  lii* 
sediment  derived  from  two  such  different  sources  overlap,  now  one  sort  and  n*^* 
another  being  thrown  down,  with  an  occasional  admixture  of  both,  we  sh'U''* 
have  the  conteni{H)raneous  formation  of  one  kind  of  n>ck  in  one  locality,  and  ani'ther 
in  another,  with  intermediate  areas  affonling  alternations  of  the  two — cin-iUD* 
stances  which  appear  to  have  ]>een  of  not  unfre<]uent  occurrence  during  the  accuffU* 
lation  of  great  formations  composing  the  existing  lands  of  the  globe. 

In  the  China  Sea  anti  the  northern  ]»art  of  the  Indian   Ocean,  when'  C'^'^ 
islands  are  mingled  among  active  volcanoes,  both  aerial  and  submarine,  and  i^*^ 

*  See  ante,  Chaptcv  VI.    For  doscriiaions  of  the  organic  deposits  in  the  sea,  see  a*% 
pp.  384-9. 
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n  the  months  of  Tut  riven,  diainiog  a  great  contiaeot,  niinj  varicUM 
tut  be  in  course  or  produrtinn.  All  these  dilTerent  kinils  of  rock  vrould 
I  remiuns  oT  mauy  niiimnl^  ami  pkiit?-  nf  the  snnic-  -pei-'m  tlirriiieliout, 

le  SBme  time.  If  elcTated  into  dry  Imd,  then,  they  wonld,  by  the  rale 
ed  by  geologists,  be  gronped  togetfier  ae  one  "  formation,"  ondor  some 
m  deiignatioD. 

irkable  eaae  oT  sodden  change  in  the  character  of  deposits,  dow  being 
e  by  aide,  occun  on  the  north-east  coast  of  Aostralia,  which  is  ftnnted 
t  limestone  rormation  kooim  as  the  Great  BuriBr  coral  reef,  Bitendiog 

1000  miles  Id  length,  and  sometimea  90  in  breadth.     This  formation 

Torres  Straila,  where  it  environs  some  volcanic  islands,  partt;  compoaed 
rtl;  of  ■  breccia  ot  tisgrneats  of  lava  and  limeetoae,  np  to  the  ehorea  of 
sa,  where  it  tennliutM  in  Wamor'a  Reef.  To  the  N.  and  N.E.  of  that 
ever,  no  coral  ia  to  be  seen  for  a  space  of  about  IGO  mllea,  the  ■«■- 
ng  everywhere  formed  of  black  mod  and  silt,  brought  down  l^  namer- 

that  are  sorronnded  b;  mangrove  nrunpa  (or  msoj  miles  into  the 
rhis  muddy  bottom  extends  for  60  milee  from  the  ehore,  bnt  immedl- 
nd  it  the  coral  reefs  set  in  ag^n  on  the  ahona  of  New  Oninaa,  aad 
)  the  Louisiade  Archipelago, 
■la  of  the  Qreat  Buriar  are  in  soma  ptucea  at  least  ISOO  feet  thick. 

be  the  thiekncHa  of  tbe  mud  depoait  we  have  no  means  of  knowing,  bat 
:re  as  good  an  instance  as  could  be  desired  of  the  sudden  replacement  of 
estone  formation  by  one  composed  wholly  of  sUt,  and  the  setting  on  of 
•ae  formation  again  in  an  equally  sudden  manner.     There  must  also  be 

good  iilustration  of  the  sudden  intmsion  of  igneous  rooks,  and  tbe 
kation  of  materials  derived  from  them  among  the  calcareous  and  other 

Iden  interchanges  and  replacements  among  the  marine  deposits  formed 
aat  havel>een  already  referred  to.  The  coarser  sediment,  such  as  shingle 
,  is  laid  down  nearer  the  shore,  and  the  finer  silt  and  mud  in  the  deeper 
he  coaner  the  detritus,  the  more  rapidly  does  it  die  out  and  come  in 
i  shown  by  the  way  in  which  gravel-banks  an  formed  along  shore  ; 
he  other  hand,  the  Bner  the  silt  the  farther  is  it  carried,  and  tbe  wider 
the  deposit  which  it  forms.  * 


CHAPTER  XXV. 

DENUDATION* 

Denudation  consists  in  the  wearing  away  of  rock-masses,  and  the  cat 
sequent  exposure  of  other  rocks  previously  covered.  It  is  one  of  tl» 
most  important  words  in  the  geological  vocabularj',  for,  inasmuch  as  all 
sedimentary  rocks  have  been  formed  out  of  the  detritus  of  other  rocks,  ^ 
denudation  is  seen  to  be  necessary  to,  and  co-extensive  with,  deposition 
The  main  mass  of  what  we  call  the  earth's  crust  is  formed  of  sediment'  ^ 
ary  rocks,  and  is  therefore  one  of  the  results  achieved  by  denudatk* 
But  apart  from  the  production  of  sediment,  and  ultimately  of  sediment- 
ary rocks,  denudation  has  had  a  main  share  in  fashioning  the  eitentfl 
contour  of  dry  land,  from  the  earliest  geological  epochs  down  to  oai 
own  day.  It  is  impossible  to  trace  the  origin  of  the  various  forms 
of  mountain  and  valley,  hill  and  dale,  without  encountering  at  eveiy 
tuni  proofs  of  the  enormous  influence  which  the  denuding  for«s 
have  exercised  upon  the  earth.  A  vivid  realisation  of  the  nature  and 
results  of  denudation,  therefore,  is  of  the  most  essential  importance  to 
the  student  of  geology.  In  the  foregoing  chapters  we  have  passed  in 
review  the  mode  of  working  which  characterises  each  of  the 
concerned  in  denudation.  It  will  now  be  of  advantage  to  take 
general  surv'oy  of  the  process  as  a  whole,  without  particular  referencfl 
to  the  indiWdual  agents  by  which  it  is  carried  on.  For  this  purpose 
we  may  consider  the  subject  under  two  aspects — 1st,  Tlie  progress  a 
denudation  ;  and  2il,  The  results  of  denudation. 

1.  The  Progress  op  Denudation. 
A.  Subaerial  Denudation. 

a.  Considered  as  the  removal  of  bo  much  Bock  from  the  Gheneral 

Surface  of  a  Country. 

The  true  measure  of  the  denudation  of  a  country' — that  is,  tie 
extent  to  which  it  is  now  being  worn  away  by  the  various  complicate 
agencies  of  waste — is  to  be  sought  in  the  amount  of  mineral  matter 
removed  from  the  surface  of  the  land  and  carried  into  the  sea.    This 

*  This  chapter  U  taken  mainly  from  an  essay  contributed  by  the  Editor  to  the  )i 
volume  of  the  TransaetUmt  cftKe  Geological  .Society  qf  GUugow,  "  On  Modem  DenadatioB." 
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an  appreciable  and  measurable  quantity,  and  bow  mucb  soever  we 
ij  dispute  regarding  tbe  way  in  wbicb  tbe  waste  is  to  be  apportioned 

the  different  forces  wbicb  bave  produced  it — ^rain,  frost,  springs, 
rers,  glaciers,  and  tbe  rest — ^we  must  accept  tbe  total  amount  of  sea- 
me  detritus  as  a  fact  about  wbicb,  wben  properly  verified,  no  furtber 
estion  can  possibly  arise.  In  tbis  manner  tbe  subject  is  at  once  dis- 
cumbered  of  all  tbose  vexed  questions  regarding  tbe  relative  import- 
ce  of  tbe  various  denuding  agents.  We  bave  simply  to  deal  with 
e  sum-total  of  results  achieved  by  all  these  forces  acting  severally 
d  conjointly.  In  considering  tbe  subject  in  tbis  fashion,  we  find  a 
w  light  cast  on  the  origin  of  existing  land-surfaces,  and  obtain  some 
ish  data  for  approximating  to  a  measure  of  past  geological  time. 

Of  tbe  mineral  substances  received  by  the  sea  from  the  land,  one 
rtion,  and  by  fieir  the  larger,  is  brought  down  by  streams  ;  tbe  other 

washed  off  by  the  waves  of  tbe  sea  itself.  It  is  the  former,  or 
•^am-bome  part,  which  is  at  present  to  be  considered.  The  quantity 
mineral  matter  carried  every  year  into  the  ocean  by  the  rivers  of  a 
atinent  represents  the  amount  by  which  the  general  surface  of  that 
Dtinent  is  annually  lowered.  If,  therefore,  we  can  measure  the 
lantity  of  mineral  matter,  we  may  easily  calculate  by  what  fraction 

a  foot  the  general  surface  of  the  land  is  annually  reduced.  Much 
8  been  written  of  the  vastness  of  the  yearly  tribute  of  silt  borne  to 
e  ocean  by  such  streams  as  the  Ganges  and  Mississippi ;  but  "  the 
are  consideration  of  the  number  of  cubic  feet  of  detritus  annually 
Daoved  from  any  tract  of  land  by  its  rivers  does  not  produce  so  strik- 
^  an  impression  upon  the  mind  as  the  statement  of  how  much  tbe 
ian  surfece-level  of  the  district  in  question  would  be  reduced  by  such 
removal"*  Tbis  method  of  inquiry  is  so  obvious  and  instructive 
It  it  probably  received  attention  from  early  geologists,  though  data 
ire  still  wanting  for  its  proper  application.  Playfair,  for  instance,  in 
making  of  the  transference  of  material  from  tbe  surface  of  the  land 
tbe  bottom  of  the  sea,  remarks  that  "  the  time  requisite  for  taking 
ay  by  waste  and  erosion  two  feet  from  the  surface  of  all  our  conti- 
Qts  and  depositing  it  at  the  bottom  of  the  sea,  cannot  be  reckoned 
s  than  200  years."!  This  estimate  does  not  appear  to  have  been 
ied  on  any  actual  measurements,  and  must,  as  we  shall  see,  greatly 
»ed  tbe  truth  ;  but  it  serves  to  indicate  how  broad  was  tbe  view 
lich  Playfair  held  of  the  theory  which  he  undertook  to  illustrate. 
e  first  geologist,  so  far  as  I  am  aware,  who  attempted  to  form  any 

»  Tylor,  PhU.  Mag.  4th  Series,  v.  268  (1850). 

^  lUtutmHons,  p.  424.    Manfredi  had  previously  made  a  calculation  of  the  amount  of 

I  that  falls  over  the  globe,  and  of  the  quantity  of  earthy  matter  carried  into  the  sea  by 
IB.  He  estimated  that  this  earthy  matter  distributed  over  the  sea-bed  must  raise  the 
il  of  the  latter  five  inches  in  848  years.    Von  Hofl;  Verdnderungen  der  Erdoberflaehe, 

II  L  28S.    See  the  other  authorities  there  cited. 
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estimate  on  this  subject  fipom  actnallj  aseeitdiuML  data,  waa  ICr.  Alfra 
l^lor,  who,  in  the  year  1850,  published  a  paper  in  which  he  estimatet 
the  probable  amount  of  solid  matter  annuallj  Imnight  into  the  oomi 
b J  livers  and  other  agents.  From  the  data  which  he  had  obtainsd 
he  inferred  that  the  quantity  of  detritus  now  distributed  over  the  M 
bottom  every  year  would,  at  the  end  of  10,000  years,  cause  an  elevi 
turn  of  the  ocean-level  to  the  extent  of  at  least  three  inches.*  Mi 
Croll  has  recently  drawn  attention  afresh  to  this  subject,  particoltfl] 
instancing  the  Mississippi  as  a  measure  of  denudation,  and  ther^  d 
geological  time,  f 

When  the  annual  discharge  of  mineral  matter,  carried  seaward  I9 
a  river,  and  the  area  of  countiy  drained  by  that  river,  are  both  knovii 
the  one  sum  divided  by  the  other  gives  the  amount  by  which  th 
drainage  area  has  its  mean  general  level  reduced  in  one  year.  F<nr  il 
is  dear  that  if  a  river  carries  so  many  millions  of  cubic  feet  of  m& 
ment  every  year  into  the  sea,  the  area  drained  by  it  must  have  Vd 
that  quantity  of  solid  material ;  and  if  we  could  restore  the  sediment « 
as  to  spread  it  over  the  basin,  the  layer  so  laid  down  would  represoit 
the  fraction  of  a  foot  by  which  the  surface  of  the  basin  has  bees 
lowered  during  a  year.  Mr.  Tyler  has  well  shown  that  the  prooea 
by  which  such  startling  results  are  obtained  is  a  simple  arithmetiGil 
one.  In  order,  however,  to  obtain  them  with  complete  satisfEbction,  w 
must  first  be  furnished  with  carefully  collected  and  verified  meaBQi» 
ments,  both  of  the  amount  of  mineral  matter  carried  into  the  aea  I9 
any  given  river,  and  of  the  area  of  drainage  from  which  that  minatl 
matter  is  derived.  It  is  to  be  regretted  that,  as  yet,  these  messon- 
ments  have  not  been  generally  made  with  the  requisite  accuracy.  Tbt 
results  at  present  obtainable  from  them  are  therefore  necessarily  oolf 
approximative.  Nevertheless,  they  are  of  value  as  indicating  Ai 
character  of  the  conclusions  which  must  eventually  be  deduced  fro* 
more  perfect  data,  and  the  direction  in  which  research  ought  in  tks 
meantime  to  be  carried. 

The  material  removed  from  the  land  by  streams  is,  as  we  have  8M>i 
twofold ;  one  part  is  chemically  dissolved,  the  other  mechanically  fl*' 
pended  in  the  water,  or  pushed  along  the  bottom  by  the  onward  motitf 
of  the  stream.  The  chemically  dissolved  ingredients  are  derived  parff 
from  springs,  partly  from  the  fiow  of  rain  and  streams  over  decompooil 
rocks  at  the  surface.  The  reality  and  magnitude  of  this  source  d 
waste  are  apt  to  escape  notice  fix)m  the  quiet  and  invisible  wayV 
which  the  process  is  carried  on.    The  published  analyses  of  xi^ 

*  PMl  Mag.,  loe.  eU. 

t  PhU.  Mag.  for  Febnuury  18S7  and  May  1SS&  The  atodent  win  find  it  of  advaatar* 
oonaolt  theae  memoira,  eapaoially  tbe  latter,  the  oondnaioiia  In  which  agree  with  tM* 
given  in  the  preaent  chapter.    Bee  Tram.  GmL  See.  GUugvw,  toL  iiL  p.  US-nok, 
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^  howCTor,  mfflce  to  »haw  it*  importance.  The  Tfauaea,  for 
■i^,  earriw  into  the  aea  ererr  year  abont  460,000  tons  of  nits 
^Bij  nupended  in  its  waters.  Bisohof  a  caknlation  i^arding  the 
WH^  of  cmrbonate  of  lime,  csiried  umnallj  into  the  sea  bj  the 
b^  hu  already  been  givm.* 

Shoperlf  to  estimate  tlie  Rmonnt  of  loss  sustained  hj  the  aiea 
■h  anj  given  river  drains,  we  ooght  to  know  the  mean  annual 
hnge  of  river-water,  the  proportion  of  saline  matter  held  in  chemical 
ban  in  the  water,  the  avenge  ratio  of  mud  held  in  siupenaion,  and 
tod  and  cosner  sediment  pushed  along  the  channel  of  the  stream. 
■M  sot  appear  that  all  theae  data  have  jet  been  collected  with  aur« 
k  tay  river,  thongh  some  of  them  have  been  ascertained  with  great 
ilt€j,  aa  in  the  HiaedMippi  Surve;  of  Meaars.  HnmphreTS  and  Abbot 
|ial«,  mc»e  attention  hu  been  shown  to  the  amount  of  meebanieally 
■■dni  matter  than  to  that  of  the  other  ingredients.  Tor  the  imaent, 
■iDMi,  we  must  confine  onreelvea  to  this  part  of  the  earthy  substances 
Brcd  from  the  land  by  running  water.  It  will  be  borne  in  mind 
&e  following  estimatea,  in  so  for  as  titty  are  based  upon  only  one 
ion  of  the  waste  of  the  land,  are  under-statementa  of  the  truth. 
31w  proportion  of  mineral  substances  held  in  suspenaion  in  the 
m  of  riven  has  been  variously  estimated,  but  the  older  calcuktions, 
A  on  mere  conjecture,  are  hardly  worth  serious  consideration. 
ftvdi,  for  example,  set  down  the  proportion  as  rfi ;  Maillet,  tv^  ; 
taoeker,  th  ;  Sir  Oeorge  Staunton,  in  the  case  of  the  Yellow  River, 
md  another  writer  quoted  by  Von  Hoff,  rriri.t  Some  uncertainty 
li  «rith  rq^id  to  the  older  estiniatea,  whether  the  fignres  refer  to  the 
faitiaa  of  sediment  by  weight  or  by  bulk.  It  is  most  advantageous 
■tannine  the  amount  of  mineral  matter  by  weight,  and  then  bom 
mxige  q>ecific  gravity  to  estimate  its  bulk  as  an  ingredient  in  the 
»water.  The  proportion  by  weight  is  probablv,  on  aa  average, 
tt  ImK  that  by  bulk. 

Aeeording  to  experiments  made  upon  the  water  of  the  Rhone  at 
M%  in  1 844,  the  proportion  of  earthy  matter  held  in  soBpenaion  was 
veudtt  Tvin-  Earlier  in  the  century  the  results  of  similar 
■  at  Aries  gave  tAi  as  the  proportion  when  the  river  was 
t«  during  floods,  and  Wim  in  the  mean  state  of  the  river.  Tie 
t  neotded  quantity  is  A  by  weight,  wliich  was  found  "  when  the 
raa  two4lurde  up,  with  a  mean  velocity  of  probably  about  8  feet 
i.'i  Lomboidini  gives  liv  as  the  proportion  by  volume  of 
a  the  water  of  the  Po.  In  the  Vistula,  accordii^  to  H. 
a  pn^wition  by  volume  reaches  a  tnniimnni  of  A.J     The 

MT.  t  Von  Hoff,  Op-ttLtiSl 

M  nTida  ud  H]>dnoltes  d  (b* 

f  nu.  p.  i«e. 
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Rliine,  accorriing  to  Hartsoeker,  contains  t^  by  volume  as  it  paem 
through  Holland ;  while  at  Bonn,  the  experiments  of  the  late  Mr. 
Leonard  Horner  gave  a  proportion  of  only  nimr  by  volume.* 
Stiefenaand  found  that,  after  a  sudden  flooding,  the  water  of  the  Bhine 
at  Ucrdingen  contained  iVn  by  weight  Bischof  measured  the 
quantity  of  sediment  in  the  same  river  at  Bonn  during  a  turbid  state  of 
the  water,  and  found  the  proportion  trVv  by  weight ;  while  at  another 
time,  after  several  weeks  of  continuous  dry  weather,  and  when  the  water 
had  become  clear  aud  blue,  he  detected  only  Trhnr.'t*  Li  the  Uaei^ 
according  to  the  experiments  of  Chandellon,  the  miiTimnnfi  of  sediment 
in  suspension  in  the  month  of  December  1 849  was  vi^rv,  the  minimum 
ttHv,  and  the  mean  laioo.  t  In  the  Elbe,  at  Hamburg,  the 
proportion  of  mineral  matter  in  suspension  and  solution  has  been  fonitd 
by  experiment  to  average  about  ti^.  The  Danube,  at  Vieiuii, 
yielded  to  Bischof  al>out  Wirv  of  suspended  and  dissolved  matteij 
The  Durance,  in  floods,  contains  ^  of  suspended  mud,  and  its  annosl 
average  proportion  is  less  than  rrfW.II  The  Garonne  is  estimated  to 
contain  perhaps  t^.^ 

The  observations  of  Mr.  Everest  upon  the  water  of  the  Gangei 
phow  that,  (luring  the  four  months  of  flood  in  that  river,  the  projwriion 
of  earthy  matter  is  Tjnr  by  weight,  or  nlf  by  volume  ;  and  that  On 
mean  average  for  the  year  is  ^h  by  weight,  or  rAr  by  volume.** 

But  by  far  the  most  extensive  and  accurate  determinationa  upon 
this  subject  yet  made,  are  prol^ably  those  of  Messrs.  Huiuphreys  and 
Abbot,  who  were  employed  by  the  United  States  Government  to  report 
upon  the  physics  aud  hydraulics  of  the  Mississij^pi  river.  The 
volumLuous  memoir  which  these  observers  have  produced  may  l« 
taken  as  a  model  of  patient  and  exhaustive  research.  As  the  mean  d 
many  observations  carried  on  continuously  at  diflerent  parts  of  the 
river  for  months  together,  they  found  that  the  average  proportion  of 
sediment  contained  in  the  water  of  the  Mississippi  is  r«W  by  weight, 
or  t^Vtj  by  volume,  ft  But  besides  the  matter  held  in  suspension, 
they  observed  that  a  large  amount  of  coarse  detritus  is  constantly  being 
pushed  along  the  bottom  of  the  river.  They  estimated  that  this 
moving  stratum  carries  every  year  into  the  Gulf  of  Mexico  about 
760,000,000  cubic  feet  of  sand,  earth,  and  gravel  Their  observation* 
led  them  to  conclude  that  the  annual  discharge  of  water  by  the 
Mississippi  is  19,500,000,000,000  cubic  feet,  and,  consequently,  thit 
the  weight  of  mud  ammally  carried  into  the  sea  by  this  river  must 

*  Edin.  Netn  Phil.  Jour.,  xviii.  p.  102.  f  See  his  Chemical  Geo/.>^.  i.  12i 

t  Ann4ilcs  de»  TraiHivx  Publics  de  lielgiqiu,  tome  ix.  204.  {  Op.  cit.  130. 

II  Payen,  cited  by  E.  Keclus.    La  Tcrrt^  torae  i.  p.  537. 

f  Baumgarten,  cited  by  Reclua,  Op.  cit.—Ibid. 

**  Jour.  Aiiatic  SocUty  Cif  CalcuttcL,  March  1832. 

ft  Report,  p.  148.    The  specific  gravity  of  the  silt  of  the  Mississippi  is  given  as  1*9. 
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the  sum  of  812,500,000,000  pounds.  Taking  the  total  annual 
Lbutions  of  earthj  matter,  whether  in  suspension  or  moving  along 
lottom,  they  found  them  to  equal  a  prism  268  feet  in  height  with 
B  of  one  square  mile. 

;  is  much  to  be  desired  that  careful  measurements  should  be  made 
»  quantity  of  silt  carried  down  annually  by  our  British  rivers.  The 
mt  which  is  deposited  in  harbours  at  river  mouths  has  indeed  been 
ftny  cases  measured.  *  But  this  can  of  course  afford  but  a  vague 
urement  of  the  total  amount  which  is  brought  down  from  the  land 
carried  out  to  sea.  In  the  case  of  the  river  Nith,  a  series  of 
Kirements  and  deductions,  made  by  the  resident  engineer,  led  him  to 
conclusion  that  the  quantity  of  detritus  borne  by  that  stream  into 
Bolway  Firth  reaches  every  year  the  amount  of  from  112,000  to 
^0  cubic  yards,  t 

Ko  one  can  have  witnessed  the  effects  of  a  violent  or  long^continued 
of  rain  upon  even  the  small  streams  in  the  hilly  parts  of  this 
Itiy  without  being  impressed  with  the  amount  of  waste  which  the 
lee  of  the  land  is  continually  suffering  from  this  cause.  At  Inver- 
,  for  example,  the  bum  of  Holm,  during  a  "spate,"  sometimes 
lee  down  several  thousand  tons  of  stones  and  gravel  into  the  river 
it  Mr.  Thomas  Stevenson,  the  eminent  harbour  engineer,  informs 
hat  at  Lybster,  on  the  Caithness  coast,  where  a  harbour  has  been 
tmcted  at  the  mouth  of  a  small  stream,  between  400  and  500  cubic 
s  of  gravel  and  sand  are  every  year  carried  down  by  the  stream. 
eir  or  dam  has  been  constructed  to  protect  the  harbour  from  the 
td  of  the  coarser  sediment,  and  this  is  cleaned  out  regularly  every 
ner.  But  by  far  the  greater  portion  of  the  fine  silt  is  no  doubt 
t  out  into  Uie  North  Sea.  The  erection  of  the  artificial  barrier, 
nesting  the  seaward  course  of  the  gravel,  reveals  to  us  what  must 
16  normal  state  of  this  stream,  and  of  all  similar  streams  descending 
maritime  hills.  §  Over  and  above  the  quantity  of  fine  silt,  the 
oioe  of  which  is  abundantly  manifest  in  the  turbid  colour  of  the 
r  during  a  rainy  season,  there  are  annually  carried  along  the 
on  of  the  channel,  and  thence  into  the  sea,  enormous  quantities  of 
er  sediment  Even  when  this  under  stratum  of  moving  gravel 
ot  be  seen  under  the  discoloured  water,  the  stones  of  which  it  ia 
losed  may  be  heard  knocking  against  each  other  as  the  current 
ps  them  onward.     I  was  much  struck  with  observing  this  on  the 

lee  the  eridenee  on  this  subject  collected  in  Appendix  C  to  Tidal  Harbourt  Commis- 

847.    In  Dundee  Harbour  the  deposit  of  silt  is  said  to  amount  to  two  or  three  feet  in 

,    8iz  inches  of  deposit  annually  appears  to  be  a  common  quantity. 

p.  HL  p.  eOS.  :  Op.  cit.  p.  34S. 

lie  ATM  drained  by  this  stream  is  about  four  square  miles ;  consequently  the  amount 

I  ot  iufaM  which  is  represented  by  the  coarse  gravel  and  sand  alone  is  i^iiro  of  a 
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Rhine  and  Moselle.  Above  Bonn,  and  agun  a  little  below  the  Lurdei 
Rock,  while  drifting  down  the  former  river,  I  could,  by  laying  my  eir 
close  to  the  bottom  of  the  open  boat,  hear  the  harsh  grating  of  tk 
gravel  stones  over  each  other  as  the  current  kept  pushing  them  on- 
wards along  the  bottom.  The  water  was  rather  low,  but  the  coireot 
remained  tolerably  swift.  Again,  on  the  Moselle,  between  Cochem  aod 
Coblentz,  I  observed  the  same  fact.  From  these  obeervations,  it  is 
evident  that  the  quantity  of  material  held  in  suspension  by  no  means 
represents  all  the  detritus  removed  by  a  river  from  the  area  which  it 
drains. 

It  may  seem  superfluous  to  insist  that  the  earthy  matter  borne  into 
the  sea  from  any  given  area  represents  so  much  actual  loss  from  the 
surface  of  that  area.  Yet  this  self-evident  statement  is  probably  not 
realised  by  many  geologists  to  the  extent  which  it  deserves.  If  s 
stream  removes  in  one  year  one  million  of  cubic  yards  of  earth  bm 
its  drainage  basin,  that  basin  must  have  lost  one  million  of  cubic  yards 
from  its  surface.  We  are  not  now  to  consider  whether  the  loss  has  been 
borne  equally  by  the  whole  surface,  or  falls  only  on  special  parts  of  it : 
this  part  of  ihe  subject  will  be  reverted  to  in  the  sequel.  It  is  sulficieot 
for  the  present  to  regard  the  loss  as  a  reality,  which  we  see  daily  before 
our  eyes,  aud  which  we  can  approximately  measure. 

From  the  data  and  authorities  which  have  now  been  adduced,  the 
subjoined  table  has  been  constructed,  in  which  are  given  the  results  of 
tlie  measurement  of  the  proportion  of  sediment  in  a  few  rivers.  The 
last  two  columns  show  the  fraction  of  a  foot,  which  each  river  must  re- 
move from  the  general  surface  of  its  drainage  basin  in  one  year.  In 
the  fu^t  of  the^e  two  columns  the  sum  represents  the  loss  in  sediment ; 
and  allowing  tlie  average  specific  gravity  of  river-silt  to  be  1*9,  and  thst 
of  rocks  to  be  2*5,  the  second  column  shows  the  amoimt  of  solid  rock 
whicli  must  annually  be  removed. 


Fraction  of  foot  l9 

Proportion  of 
Sediment  in 

wldchtheareaflf! 

Area  of  basin 

Annual  discharge  of 

drainage  it  kiv- 

Name  of  River. 

in 
square  miles. 

Sediment 
in  cubic  feet. 

water. 

ered  in  one  T«tf- 

wlixL 

Tolome. 

In 

MxUnMfDt 

Mississippi  . 

1,147.000 

7,459,267,200 

1^0  0 

3  0^0  0 

iVrs 

Ganges   .     . 

432,480 

6,868,077,440 

t\z 

1  Al 

>  •  ■ 

1^ 

Hoang  Ho  . 

700,000 

17,620,000,000(?) 

« •  • 

•  a  « 

•  •  • 

nVj 

Rhone     .     . 

25,000 

600,381,800 

•  •  • 

•  •  ■ 

TiVr 

tVw 

Danube  .     . 

234,000 

1,253,788,600 

•  •  fl 

«  •  • 

tVtj 

Tiftn ' 

Po     .     .     . 

80,000 

1,610,187,000 

•  •  • 

•  •  • 

Th 

jh 

(  1,008,000 

1  lb.  in  82 

Nith  .     .     . 

400 

]         ^ 

cubic  feet  of 

»tW 

nVi 

{  1,080,000 

water. 
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It  will  be  seen  that  the  amount  is  in  some  cases  nearly  ten  times 
■ter  than  in  others.  In  the  Po,[for  example,  the  rate  of  waste  is 
its  than  nine  times  more  rapid  than  it  is  in  the  Danube.  The 
•■Bsippi  rate  is  only  about  one-third  of  that  of  the  Rhone. 

Ax  the  present  rate  of  erosion,  the  rivers  named  in  this  table  re- 
fwt  one  foot  of  rock  from  the  general  surface  of  their  basins  in  the 
bving  ratio : — 

^          The  Minusippi  lemoyes  one  foot  in  6000  years. 

„  Gftngee  „  „  2868  „ 

„  HottngHo  „  „  1464  „ 

„  Rhone  „  „  1628  „ 

„  Danube  „  „  6846  ,, 

w  Po  ff  yy  729  ff 

„  Nith  „  „  4728  „ 

Hie  Mississippi,  therefore,  is  lowering  the  surface  of  the  great  basin 
Ui  it  drains  at  the  rate  of  one  foot  in  6000  years.  If  this  rate 
itiiiiiies,  10  feet  will  of  course  be  removed  in  60,000  years ;  100 
liin  600,000  years  ;  1000  feet  in  6,000,000.  The  mean  height  of 
>  North  American  Continent,  according  to  Humboldt,  is  1496  feet* 
der  the  Mississippi  rate  of  denudation,  therefore,  that  continent 
nld  be  worn  away  in  about  nine  million  years. 

The  Gkmges  works  still  more  rapidly.  It  removes  one  foot  of  rock 
8358  years,  and  if  Humboldt's  estimate  of  the  average  height  oi  the 
iatie  continent  be  accepted — ^viz.  2264  English  feet,t  that  mass  of 
dy  worn  down  at  the  rate  at  which  the  Ganges  destroys  it,  would 
ippear  in  little  more  than  five  millions  of  years. 

Still  more  remarkable  is  the  extent  to  which  the  river  Po  denudes 
area  of  drainage.  Even  though  measurements  had  not  been  made 
the  ratio  of  sediment  contained  in  its  water,  we  should  be  prepared 
Ifaid  that  proportion  a  remarkably  large  one,  if  we  look  at  the 
naaoonB  changes  which,  within  historic  times,  have  been  made  by  the 
OKvkl  accumulations  of  this  river.  According  to  the  data  already 
idy  the  Po  removes  one  foot  of  rock  from  its  drainage  basin  in  729 
ta.  This  is  equal  to  the  removal  of  ten  feet  in  7290  years,  100  in 
ilK)0  years.  The  mean  height  of  Europe  is  stated  to  be  1342  English 
t.t  If  the  whole  of  that  continent  were  denuded  at  the  same  rate 
In  the  basin  of  the  Po,  it  would  be  levelled  in  rather  less  than  a 
Hum  yearsw 

Although,  in  the  present  imperfection  of  our  data,  these  results 
knot  be  regarded  as  strictly  accurate  ;  yet,  on  the  other  hand,  they 

^  JUI§  OmtnU,  tome  L  1S8.    He  gives  748  feet  as  the  height  of  the  mean  centre  of 
*i^  ot  the  Hofth  American  continent ;  071  feet  as  the  height  of  the  same  line  for 
^fe ;  ad  lUS  fiset  for  Asia.    But  there  is  reason  to  believe  that  these  estimates  are 
'istit  tun  hl^li 
f  Wwlrift,  IHdL  X  Hmnboldt,  ibid. 
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are  not  mere  guesees.  The  amount  of  water  flowing  into  the  sea,  and 
the  annual  diecharge  of  sediment^  have  been  in  each  caae  measured  with 
greater  or  less  precision.  The  areas  of  drainage  may  perhaps  require 
to  be  increased  or  lessened.  But  though  some  change  may  be  made 
upon  the  ultimate  results  just  given,  it  is  ^hardly  possible  to  consider 
them  attentively  without  being  forced  to  ask  whether  those  enormou 
periods  which  geologists  are  in  the  habit  of  demanding  for  the  accom- 
plishment of  geological  phenomena,  and  more  especially  for  the  Teiy 
phenomena  of  denudation,  are  not  in  reality  far  too  vast.  If  the 
Mississippi  is  carrying  on  tlie  process  of  denudation  bo  fast  that  at 
the  same  rate  the  whole  of  North  America  will  be  levelled  in  nine 
millions  of  years,  surely  it  is  most  unphilosophical  to  demand  un- 
limited ages  for  similar  but  often  much  less  extensive  denudation 
in  the  geological  past  Moreover,  that  rate  of  erosion  appears  on  the 
whole  to  be  rather  below  the  average  in  point  of  rapidity.  The  PO} 
for  instance,  works  more  than  eight  times  as  fast  But  as  the  phjaa 
of  the  Mississippi  have  been  more  carefully  studied  than  those  of  pe^ 
haps  any  other  river,  we  shall  probably  not  exaggerate  the  result  if « 
assiune  the  Mississippi  ratios  as  the  average.  It  may  not  be  without 
advantage  to  apply  thi»  average  to  the  wise  of  a  number  of  Britwh 
rivers,  the  drainiige-area  and  water-discharge  of  which  are  known.  The 
subjoined  table  shows  the  ascertaineil  amount  of  water  discharged  by 
five  rivers  in  this  country.  Assuming  the  proportion  of  sediment  to 
be  the  same  as  in  the  Mississippi,  we  obtain  the  result  in  the  last  two 
columns : — 


Name  of  River. 

Area  of 
Draiuage. 

Annaal  diiicharge  of 
Water. 

Annual  discharge 
of  Sediment. 

Fraction  of  a  foot 
of  rock  by  wW<* 

the  basin  is 
annually  lowered 

Tay  .     .     . 
Tliames  .     . 
Forth     .     . 
Clyde     .     . 
Boyne     .     . 

Stl.  Miles. 
2,  .500 
6,162 

450 
1,580 

700 

Cubic  Feet 
144,020,000,000 
64,111,200,000 
15,450,000,000 
26,228,000,000 
94,614,000,000 

Cubic  Feet. 

49,660,000 
1,865,903 
5,328,000 
8,699.000 

32,622,000 

T5*4I 

Hence  it  appears  that  if  the  proportion  of  earthy  matter  in  the 
water  of  the  Tay  resembles  that  in  the  water  of  the  Mississippi,  the 
area  of  the  Highlands,  drained  by  the  former  river,  must  be  suffering  4 
loss  at  the  rate  of  one  foot  in  less  than  2000  years.  This  is  possibly 
not  an  exaggeration,  for  we  have  already  seen  that,  disregarding  the 
finer  silt  carried  off  in  suspension,  the  amount  of  gravel  and  sand 
brought  down  annually  by  the  Nith  is  equal  to  a  loss  of  one  foot  in 
4700  years. 
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rhere  is  another  point  of  view  fipom  which  a  geologist  may  ad- 
Bgeously  contemplate  the  active  denudation  of  a  coimtry.  He  may 
late  the  annual  rainfieJl  and  the  proportion  of  water  which  retoms 
le  sea.  If  he  can  obtain  a  probable  average  ratio  for  the  earthy 
fcances  contained  in  the  river-water  which  enters  the  sea,  he  will  be 

to  estimate  the  mean  amount  of  loss  sustained  by  the  whole 
ttiy.  Thus,  if  he  takes  ,the  average  rainfall  of  the  British  Islands 
B  inches  annually,  and  the  superficial  area  over  which  this  rain  is 
iniged  at  1 20,000  square  miles,  then  it  will  be  found  that  the  total 
dtity  of  rain  received  in  one  year  by  the  British  Isles  is  equal  to 
at  68  cubic  miles  of  water.  Estimates  have  varied  as  to  the  pro- 
taoQ  of  the  rainfall  which  Ib  eventually  returned  to  the  sea  by  streams. 
IS  writers  have  given  it  as  probably  about  a  third,  others  as  a  fourtL* 
ie  take  it  at  the  former  estimate,  there  are  23  cubic  miles,  if  at  the 
vr,  there  are  17  cubic  miles  of  fresh  water  sent  off  the  sur&ce  of 

British  Islands  into  the  sea  in  one  year. 

When  the  rain  fiEdls  it  is  nearly  pure  water,  but  when,  after  a 
ioQs  course  of  sometimes  hundreds  of  miles,  it  Ib  poured  into  the 
» it  is,  as  we  know,  largely  charged  with  mineral  matter  both  in 
Ition  and  suspension,  as  well  as  in  motion  along  the  channels  of  the 
•ms.  Let  us  take  some  average  ratio  for  these  impurities  ;  and  we 
U  probably  guard  against  exaggeration  by  assuming  this  ratio  to  be 
f  YtW  by  volume  of  the  water,  and  the  proportion  of  the  rainfall 
med  to  the  sea  to  be  ^.  At  this  rate  Wtnr  of  a  foot  of  rock  must 
amoved  from  the  general  surface  of  our  country  every  year.     One 

will  be  planed  away  in  8800  years.  The  mean  height  of  the 
mk  Islands  is  probably  less  than  650  feet  Under  the  existing 
I  of  things,  therefore,  if  the  ratio  now  assumed  is  near  the  truth, 
e  islands  will  be  levelled  in  about  five  and  a  half  millions  of  years. 
BtiU  require  much  more  detailed  observation  in  this  country  before 
estimate  of  this  kind  can  be  based  upon  accurate  and  reliable  data. 
I  have  thought  it  desirable  to  indicate  it  as  a  method  of  vividly 
^ing  before  the  mind  the  reality  and  extent  of  the  denudation  now 
rogress. 

lubaerial  Denudation  considered  as  the  unequal  lowering  of  the 

General  Surface  of  a  Country. 

!t  is  important  to  regard  the  annual  discharge  of  sediment  from  the 
(Ce  of  a  country,  as  a  definite  quantity  which  may  be  measured, 
which,  when  so  measured,  gives  us  the  amount  of  loss  which  that 
lee  baa  sustained  in  one  year,  or,  in  other  words,  the  extent  to  which 

iutolls  fftffflitr'  the  proportion  of  the  rainfall  discharged  bj  the  Seine  flnom  ita 
mmA  hMbi  tm  f ;  Daoaae  satweqnently  made  a  fresh  calcolation,  and  aet  Mbit  ^lovot- 
t  ^    8—  Bto«BamC  MUmmnU  d»  Pkptiqti*  Tnrettn,  p.  88S. 
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tlie  ATemge  level  of  the  canntiT'  hu  been  ndnoed.  Bj  locUng  it  the 
■abject  from  this  point  of  view,  we  obtun'  aome  adBquate  idea  of  Oe 
extent  of  the  loet  whidi  the  land  ii  ooiutuitlj  undeigDisg  fern  nibMnl 
canaea  even  before  oui  eyes.  At  the  eame  time  it  is  raffidanllf  obnooi 
tliat  the  earthj  matter  annoally  removed  from,  the  mii&ce  t^  the  U 
doee  not  come  equall;  from  the  whole  Bor&ce.  The  detcnoinat 
the  tot*]  quantity  of  earthy  materials  removed  does  not  Meiit 
any  way  to  apportion  the  loes,  or  to  ucertain  how  mnch  each  part  of 
the  surface  has  contribnted  to  the  total  amonnt  of  aediment.  On  fluM, 
wateraheds,  and  more  or  lees  level  gronnd,  the  proportion  of  Ioh  nq 
be  amall,  while  on  nlopee  and  in  valleys  it  may  be  great,  and  it  w^ 
not  be  easy  to  determine  the  true  ratios  in  these  cases.  £vl  ov  *<•■ 
naltt  and  nutuurmeftd  of  M«  «iun  total  of  datudalion  are  not  timil 
ajeeted.  This  must  not  be  overlooked.  If  we  allow  too  little  fbrAi' 
loss  from  the  surface  of  the  table-lands,  we  increase  the  jaopoitiae  d 
tlie  loBB  sustained  by  the  sides  and  bottoms  of  the  valleys,  and  eua  tna 
These  proportions  must  vary  indefinitely  with  the  fonn  of  the  si 
rainfall,  etc  But  the  fact  remains,  that  the  balance  of  lata  moi 
always  be,  on  the  whole,  on  the  side  of  the  sloping  surfaces.  In  olds 
to  show  the  full  import  of  this  part  of  tlie  subject,  I  will  assume  ceitiii 
latioe,  wliich  arc  probably  understatements  rather  than  exaggeiatioi 

Let  us  take  the  proportion  between  the  extent  of  the  plains 
table-lands  of  a  country,  and  the  area  of  ita  valleys,  to  be  as  nine  te 
one  ;  in  other  words,  that  of  the  whole  surface  of  the  conntEy,  one- 
tenth  part  is  occupied  by  the  valleys,  while  the  remaining  nine-tenth 
eonsiat  of  broad  undulating  pkinn,  watersheds,  or  other  coniparatinlT 
level  ground.  Let  it  be  further  assumed  that  the  eronon  of  the 
surface  is  nine  tines  greater  over  the  latter  than  over  the  former  snsi 
so  tliat,  v-bile  the  more  level  parte  of  the  country  have  been  lowend 
one  foot,  the  valleya  have  lok  nine  feet  According  to  the  calculatini 
already  given,  it  appears  that  the  mean  annual  ijnantity  of  detritnt 
carried  to  the  sea,  may,  with  some  probability,  be  regarded  as  equal  tl 
the  yearly  loss  of  lA^  of  a  foot  of  rock  from  the  general  surface  of  lie 
country.  Apportioning  this  loss  over  the  surface  in  the  ratio  just  pT«. 
we  find  that  it  umounta  to  J  of  a  foot  from  the  more  level  gromidi  >■ 
6000  years,  and  6  feet  from  the  valleys  in  the  same  apace  of  tin* 
Then,  if  ;  of  a  foot  be  removed  from  the  level  grounds  in  6000  yeaH 
1  foot  will  be  removed  in  10,800  years  ;  and  if  6  feet  be  worn  onl  <* 
the  valleys  in  6000  years,  I  foot  will  be  worn  out  in  1 200  years,  Vut 
is  equal  lo  a  loss  of  only  A  of  an  incb  from  the  table-land  in  75  jiar^ 
while  the  some  amount  ia  excavated  from  the  vaUeys  in  8  j  yean. 

It  may  seem  at  first  aight  that  such  a  loss  as  only  a  single  liH 
from  the  surface  of  the  open  country  during  more  than  the  lapse  of  > 
long  hnmaa  life  is  almost  too  trifiing  to  be  taken  into  account,  tu  it  ii 
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tainlj  too  small  to  be  generally  appreciable,  or  even  to  be  easily  de- 
fied by  careful  measurements.     In  the  same  way,  if  we  are  told  that 

constant  wear  and  tear  which  is  going  on  before  our  eyes  in  valleys 
I  watercourses  does  not  effect  more  than  the  removal  of  one  line  of 
k  in  eight  and  a  half  years,  we  may  naturally  enough  regard  such  a 
tement  as  probably  an  under-estimate.  But  if  we  only  permit  the 
iltiplying  power  of  time  to  come  into  play,  the  full  force  of  these 
mingly  insignificant  quantities  is  soon  made  apparent     For  we  find, 

a  simple  piece  of  arithmetic,  that,  at  the  rate  of  denudation  which 
»  been  just  postulated  as  probably  a  fair  average,  a  valley  1000  feet 
3p  may  be  excavated  in  1,200,000  years,  a  period  which,  in  the  eyes 
most  geologists,  will  seem  short  indeed. 

The  ratios  from  which  this  average  rate  of  denudation  is  computed 
i  framed  according  to  the  most  probable  estimates  at  present  available, 
ley  may  be  replaced  by  others  when  more  accurate  data  have  been 
tained.  But  it  may  be  again  pointed  out  that,  let  us  assume  any 
ler  apportioning  of  the  total  amount  of  denudation,  we  do  not  thereby 
isen  the  measurement  of  that  amoimt  which  can  be,  and  has  been, 
jertained  in  the  annual  discharge  of  rivers.  We  have  a  certain  de- 
mined  quantity  of  rock  annually  worn  off  the  surface  of  the  land. 

as  already  remarked,  we  represent  too  large  a  proportion  as  derived 
)m  the  valleys  and  watercourses,  we  diminish  the  loss  from  the  open 
untry ;  or  if  we  make  the  contingent  derived  from  the  latter  too  great, 
J  lessen  that  from  the  former.  Under  any  ascertained  or  assumed 
oportion  the  facts  remain,  that  the  land  loses  a  certain  ascertainable 
iction  of  a  foot  from  its  general  surface  per  annum,  and  that  the  loss 
om  the  valleys  and  watercourses  is  much  larger  than  that  fraction, 
hile  the  loss  from  the  level  grounds  is  much  less. 

Objections  are  sometimes  urged  against  the  eflScacy  of  subaerial  de- 
idation,  on  the  ground  that  certain  features  of  the  land-surface,  which, 

is  assumed,  ought  to  be  rapidly  destroyed,  nevertheless  remain  un- 
langed  for  centuries.  In  one  sense,  it  is  sufficient  reply  to  point  to 
le  clear  undeniable  fact  that  every  stream  annually  removes  from  the 
nd  a  certain  measurable  quantity  of  detritus  worn  off  the  surface  of 
le  land.     To  deny  that  the  surface  of  a  country  is  annually  suffering 

lowering  of  its  general  level  from  denudation,  is  to  shut  the  eye  to 
le  evidence  vividly  displayed  by  every  brook  and  river  by  which  the 
irface  of  that  country  is  traversed.  Some  objectors,  however,  do  not 
my  the  annual  loss  of  rock,  but  maintain  that  it  is  not  derived  from 
le  general  surface  of  the  country,  but  only  from  comparatively  limited 
>rtion8,  and  they  point  to  certain  features  of  the  surface  as  affording 
roo&  of  permanence.  The  most  ingenious  objections  of  this  kind, 
hich  I  have  yet  met  with,  are  stated  by  M.  Elie  de  Beaumont.*     I  ; 

*  Ltfoni  de  Giologie  Pratiqm,  1S43,  tome  i.  p.  185  tt  ieq. 
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Bhall  give  here  a  sketch  of  the  argument  by  which  the  distingniahed 
French  geologist  endeavours  to  ehow  that  the  influence  of  atmoephenc 
cauBCA  is  quite  insignificant. 

The  solirl  rocks  are  usually  more  or  less  covered  with  a  layer  of  vegetable  mQ, 
wbich,  though  at  lirst  sight  it  uiay  seem  to  present  few  points  of  interest,  dates  m 
reality  from  a  high  auti([uity,  and  merits  the  special  study  of  the  geologist.  It  ii 
intimately  associated  with  human  history,  and  offers  in  consequence  mateiiab  for 
the  establishment  of  ]>ositive  data  in  geology.  The  human  monuments  which  il 
contains  furnish  most  important  geological  evidence,  for  if  the  inscriptions  grsTO 
upon  them  a  thou8an<i  or  two  thousand  years  ago  remain  still  fresh,  it  is  theftbf 
shown  that  certain  parts  of  the  earth's  surface  may  be  preserved  unchanged  fori 
long  time.  But  a})art  from  the  ({uestion  of  their  own  consen-ation,  these  moBi' 
ments  pn>ve  that  the  surface  of  the  ground  and  the  vegetable  soil  undergo  vay 
little  modification.  The  Roman  bridges  still  s^tan  the  watercourses  over  vhick 
they  were  built,  for  the  waters  have  not  risen  any  nearer  to  the  tops  of  the  aidia^ 
nor  sunk  so  as  to  ex]x^i<e  the  foundations,  but  pass  to-day  just  at  the  height  ft* 
which  the  bridges  were  constructed.  Hence,  the  bed  of  these  rivers  has  sol 
changed.  Along  different  partn  of  the  lower  course  of  the  Rhone  the  Bonut 
remains  of  different  kinds  are  in  ]>erfect  accordance  ^nth  tlie  existing  level  of  tb 
river,  and  the  present  ri-gime  of  that  stream  ap|)ears  thus  to  have  remained  as  it  i» 
fn»ni  time  ininieiiKirial.  A  like  inference  is  to  l)e  drawn  from  the  fx:currence  rf 
the  lar^^e  htunding-.stones  so  abundant  in  Europe.  Tliese  monumentis  most  of 
whicli  must  be  at  IkrtisX  2000  years  old,  have  been  simjily  planted  in  the  soil.  U 
the  surface  (>f  the  soil  had  been  lowiTdl,  their  base  would  have  l>een  laid  batt, 
had  it  l>eeii  nii'^tMi,  tlu-ir  base  wouM  have  been  covered  up.  But  they  remain  jart 
hunk  so  far  in  the  st)il  as  to  prevent  them  from  falling.  This  holds  true,  notwily 
for  those  on  flat  ground,  but  also  for  those  which  stand  on  sloping  ilecli\itie3(,  ibA 
even  when  in  such  cin.unistances  they  are  exposed  to  all  the  changes  of  a  niaritinit 
climate.  Further,  and  still  more  unexceptionable  ])roof  (»f  the  insignificance  of  lit 
degratlation  umlergone  by  grass-covered  soil,  is  found  in  those  ancient  earttei 
mounds,  such  as  tumuli,  fcnis,  and  cami>s,  which,  even  with  sloping  side!!,  hsn 
retained  almost  i)erlVctly  their  original  forms.  The  angle  of  di»clivity  of  d* 
rainjiai-ts  remains  what  it  evidently  was  at  first,  and  the  ditches  between  thl 
rami»arts  have  n(»t  l>een  filleii  up.  Again,  in  ground  which  has  long  l»* 
abandoned  by  the  ]ilongh,  the  parallel  furrows  may  still  be  traced.  In  Brittuf 
and  in  Sjtain,  for  instance,  there  are  districts  where  the  soil  has  not  been  cuiti' 
vated  for  a  great  many  centuries,  yet  where  the  old  ridges  made  by  the  i»lc<gk 
remain  perfectly  distint-t  under  the  coating  of  turf.  If  we  watch  the  infiutwe  i'' 
sun  and  rain  upon  ploughed  land,  we  observe  that  while  the  soil  is  bare  tlM* 
external  agents  act  with  comparative  rapidity  in  replacing  its  surface  to  amort 
stable  contour,  which  gets  covered  with  herbage  and  remains  almost  without  chsuf* 
for  an  immense  x>*^rio<l.  In  this  process  the  action  of  the  atmo8])heric  forcrt  ii 
greater  the  lirst  yejir  tluin  the  secon<l,  greater  the  second  year  than  the  thirfi 
greater  the  third  year  than  the  fourth,  the  changes  decreasing  almost  in  a  peon* 
trical  progression.  If  the  effect  pr<.>duced  in  the  second  year  were  half  of  thitil 
the  fii-st,  if  that  jiroduced  in  the  thinl  year  were  half  of  that  in  the  second,  and  «• 
on,  the  sum-total  of  change  produced  at  the  end  of  an  indefinite  time  would  only 
be  double  that  effected  at  the  end  of  the  first  year.  If  the  second  year's  alteisti* 
were  equal  ti»  three-fourths  of  that  of  the  first  year,  the  result  at  the  end  of  sniB* 
defmite  period  would  only  be  four  times  that  of  the  first  year.  Or  lastly,  if  t^ 
second  year's  alteration  were  nine-tenths  of  the  first  year's,  the  result  after  tf 
indefinite  time  would  be  merely  ten  times  that  of  the  first  year. 

M.  Elie  de  Beaumont  then  proceeds  to  discuss  the  evidence  afforded  by  t<^ 
tation.     He  contends  that,  as  a  tree  cannot  live  unless  the  soil  on  which  it  giv«< 
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eneath  it»  ao  trees  which  hunt  been  seven!  oenturies  in  eiisteiioe  show 
Dil  during  thai  period  has  undergone  no  appreciable  ehange.  B?en  on 
tre  the  vegetable  soil  is  very  thin,  there  are  forests  of  eentmry-idd  tMss, 
)  permanence  of  the  ezist&Dg  surface  is  thus  estaUiihed  for  inclined  as 
r  flat  ground.  From  this  point  of  view  the  longeritjr  of  oertain  trees 
.  special  interest  to  the  geologist,  and  the  aut^  cites  a  number  of 
in  illuBtration.  Nor  is  it  merely  the  hi^^tor  forms  of  vegetatioa  that  are 
ta  Certain  Uehens  coating  the  sur&ces  of  rodos  may  be,  to  use  the 
De  Candolle^  " as  old  as  the  kst  cataclysm.*'  Grass  likewise  piotsotv 
1  which  it  grows»  and  may  be  very  old.  Vegetation  generally  tends  to 
tie  present  form  of  the  snrfboe,  and  where  it  has  been  removed  by  man, 
idemeath  has  in  many  places  been  carried,  away  by  running  waterr  f^ 
d  rendered  for  a  long  vdiile  unoolliTaUe.    The  natural  state  of  the 

the  globe  is  to  be  oovered  and  protected  by  a  coating  of  TOget^^ioB. 
indeed,  many  places  where  that  stnfMs  is  sul^eot  to  oontlimal  and  Tery 
{nidation,  such  as  the  set^maigin  and  the  ehaimels  of  stnams,  vriisvs  the^ 
being  perpetually,  as  it  were,  out  to  the  quick.  But  these  ohsnges  svs 
ible,  precisely  beosnse  in  most  pkoes  the  vegetable  soil  Nmaids  nearly 
dniing  the  lapse  of  immense  periods.  Tl^  layer  of  vegetable  soil, 
is  in  fut  a  kind  of  fixed  point  or  zero  by  whieh  to  measom  the  phe^ 
lat  take  place  more  rapidly. 

rodudng  the  subject^  M.  Elie  de  Besnmont  remarks  that  it  possesses 
mend  public  the  recommendation  of  requiring  no  previous  geological 
i.  Asraredly,  a  reader  who  has  no  pretensions  to  science  may  yet 
tect  the  fallacy  which  runs  through  the  whole  of  the  interesting  argu- 
le  French  savan.  The  monuments  of  antiquity  on  which  that  argument 
I  form  but  a  small  fraction  of  the  number  of  monuments  originally  con- 

Every  year  \b  thinning  them  do¥m  still  more,  whether  it  be  by  the  hand 

*  by  the  inevitable  march  of  decay.  Destruction  is  the  rule,  preeervation 
eption.  To  select,  therefore,  the  examples  which,  owing  to  mora  favour- 
mstances,  have  been  preeerved,  and  to  take  no  note  of  the  far  greater 
'hich  have  been  destroyed,  neeesearily  leads  to  a  reeult  which  is  far  firom 
e.  Beduced  to  a  sylloginn,  the  argument  would  be  stated  thus : — If 
ric  waste  could  produce  during  2000  yean  any  appreciable  change  upon 

•  of  a  country,  human  monuments  would  show  it  Some  human  monu- 
id  by  M.  de  Beaumont  do  not  show  it,  thereforo  atmospheric  waste  is  not 
e  of  any  sensible  alteration  of  the  surface  of  a  country. 

at  necessary  to  enter  into  the  details  of  the  reasoning,  otherwise  it  would 
Ifeult  to  show  that  the  preservation  of  old  forts  and  tumuli  ii  in  thousands 
f  no  means  so  perfect  as  is  alleged ;  that  the  standing-stones  which  ara 
do  not  furnish  any  proof  that  the  soO  around  them  has  undergone  no 
I  statement,  indeed,  which  seems  sufficiently  negatived  by  the  number  of 
Dg  prostrate  ;  and  that  for  one  legible  inscription  more  than  two  or  three 
old,  it  would  be  easy  to  furnish  scores  whidi  have  been  obliterated  after 
orations.  But  even  if  all  these  assertions  were  just,  and  if  it  could  be 
>Iy  proved  that  for  a  thousand  or  two  thousand  yean  oertain  human 
ts  had  undergone  no  appreciable  alteration,  would  the  inference  neces- 
|ust  that,  thwefore,  rain,  firost,  streams,  and  the  other  meteoric  agents 
exercise  no  material  influence  upon  the  general  surface  of  the  earth  t 
manifest  that  the  time  during  which  observations  have  been  made  is 
too  brief  to  warrant  any  such  sweeping  deduction  f  A  prooess  which, 
onsaad  years,  has  not  effected  any  perceptible  alteration  on  certain  parts 
ath's  snrfsoe^  may  yet  have  been  rapid  enough  in  the  oouxae  ti  ^« 
I  agei»  to  have  woriced  the  most  stupendous  changes  upon  thai  suitaAft  an 
Uf  kiOamfDg  up  £b0  foregoing  estimates^  we  put  down  the  amount,  oi 
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that  while  the  general  ioe-wom  character  of  the  roek-raiface  remained  atOl 
Icably  distinct,  one  line  or  more  had  been  gradually  eaten  away  from  that 
«L  A  tolerably  wide  experience  of  ioe-wom  rocks  in  tiiis  country,  in  Norway, 
tinriand,  and  among  the  Eastern  Alps,  has  tanght  me  that  gladated  surfaces 
»  ezcq>tions  to  the  general  law  of  decay,  and  that  as  soon  as  they  are  directly 
Ml  to  the  atmosphere,  they  begin  to  weather,  as  all  other  surfaces  da* 

considering  an  objection  of  tUs  Idnd,  we  must  not  forget  that  of  all  possible 
€3f  surface,  that  of  an  ice-smoothed  boss  or  face  of  rock  is  probably  the  one 

fhe  subaerial  agencies  of  waste  will  have  least  facility  for  action,  uid  which 
W!iefoio  longest  retain  its  contour.  The  polished  surface  allows  rain  to  run 
and  the  joints  which  would  otherwise  pennit  the  disruptive  action  of 
for  a  long  while  concealed.  The  sides  of  a  polished  granite  obeUak  will 
weather  tta  longer  than  the  surface  of  a  rough  block  of  the  same  stone. 
^  tlierefore,  who  employ  ice-worn  smfStoes  as  evidence  against  the  potency  of 
^lieric  denudation,  argue  in  precisely  the  same  way  as  M.  E.  de  BeMmonl  It 
V  they  found  in  a  medieval  building  the  hard  weU-chiselled  oomer-stoiMi  still 
iag  the  tool-marks,  and  concluded  therefrom  that  the  intervening  ooDtariei  . 
pBoduoed  no  change  ujxm  the  exterior  of  the  walls.  Yet,  a  litUe  ftirfher 
Btkm  would  show  that  the  tool-marks  wen  only  visible  on  the  oomeritones, 
^  the  hardest  freestone  had  been  selected,  while  the  rest  of  the  wall,  con- 
iM  of  less  careftilly  chosen  materials,  showed  in  many  places  courses  of 
^nholly  rotted  out,  crumbling  mortar,  and  general  decay. 

ibbMorial  Denudation  aa  afTeoted  by  Subterranean  MoTementa  of 

Uphearal  or  Depresaion. 

Hie  xate  at  which  the  various  denuding  agents  hare  worked  would 
Qi  be  afl^ted  in  past  time  by  elevation  oi  depression  of  the  land. 

iaaease  in  the  mean  height  of  any  mass  of  land  would,  in  most 
1%  ingment  the  annual  fall  of  rain  or  snow,  and  likewise  the  slope 
tile  livers  descending  from  the  area  of  greatest  elevation.  There 
dd  then  be  more  rain  to  wash  the  country,  and  the  rivers,  by  their 
ivtaed  velocity,  would  have  an  augmented  erosive  power.  Upheaval, 
Befoie,  is  favourable  to  subaerial  denudation. 
On  ibe  other  hand,  when  the  general  level  of  a  mass  of  land  is 
and,  the  annual  precipitation  upon  its  surface  tends  to  decrease, 
oe  aie  less  rain  and  smaller  streams  to  act,  and  the  potency  of 
br  action  is  lessened  by  the  diminished  slope  over  which  they  flow. 
utMiion,  therefore,  ia  thus,  on  the  whole,  unfavourable  to  subaerial 
tidatlon* 

B,  Marine  Denudation. 

In  wliat  has  now  been  considered  we  have  had  regard  only  to  that 
kioiL  of  the  annual  loss  of  land  which  is  evinced  by  the  transport  of 
mal  substances  by  rivers  into  the  sea.     But  besides  this  portion, 

'  Ikava^  on  a  fimDer  occaiion,  called  attention  to  the  remarkable  and  increasing  fresh- 
I  «C  Iks  iee-maikinge  as  we  approach  the  present  sea-margin,  more  perttcidarly  among 
sealoehs  of  this  oonntiy.  {Tram,  <kol,  8oe.  Glaagcw,  t  part  2,  p.  170— note. 
sqr  Smrnrg  nf  SeoOand,  p.  S38.)  I  regard  this  (act  as  only  ezplicablA  ou  \bA 
a  that  the  naiitime  rt)dkci  moutonniu  have  been  for  but  a  compataUvaVj  \)itV«ft 
^  stjussd  ^buXtf  to  the  Mtmo§pben. 
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there  is  likewise  removed,  eveiy  year,  a  consideiable  amoont  of  materul 
by  the  waves  that  beat  along  the  margin  of  the  land.  We  find  thit 
even  the  most  iron-bound  shores  yield  to  the  ceaseless  grinding  of  the 
breakers.  The  denudation  is  often  more  marked  along  the  coast-line 
than  it  is  inland,  and  thus  we  are  apt  to  take  for  granted  that  the  m 
is  much  the  most  powerful  agent  of  destruction,  and  that  maiise 
denudation  ia  the  most  important  of  all  the  various  modes  in  which  the 
bulk  of  the  solid  land  is  from  year  to  year  reduced.  Such  an  inference 
is  but  natural  in  a  country  like  our  own.  Here,  islanders  as  we  aie, 
and  familiar  from  infancy  with  the  fury  of  the  breakers  which  belt 
along  our  coast-line,  and  strew  it  with  wrecks,  we  are  prone  to  attribute 
to  the  ocean  the  chief  share  of  the  work  of  wearing  down  the  bad. 
Yet,  if  we  attentively  consider  the  abrasion  due  directly  to  msiiDe 
action,  we  are  led  to  perceive  that  its  extent  is  comparatively  smalL 
In  what  is  called  marine  denudation,  as  has  already  been  pointed  ont, 
the  part  played  by  the  sea  is  mainly  that  of  removing  what  has  already 
been  loosened  and  decomposed  by  atmospheric  agents.  When  these 
decayed  portions  are  carried  away,  a  fresh  surface  is  again  laid  open  to 
subaerial  influences,  to  be  in  turn  reduced  to  fragments,  and  bon» 
away  seawards.  Were  it  not,  therefore,  for  the  aid  given  by  rain*, 
springs,  frosts,  etc,  the  progress  of  the  waves  would  be  comparativelj 
slow.  Yet,  let  us  grant  to  the  action  of  waves  and  tides  all  that  w 
usuallv  included  imder  the  term  Marine  Denudation^  we  shall  stiU  find 
that  the  sum  total  of  waste  along  the  margin  of  the  land  must  be 
trifling  compared  with  that  which  is  produced  by  the  meteoric  agents 
upon  the  interior. 

At  the  outset,  it  is  evident  that  the  extent  of  surface  exposed  to  the 
power  of  the  waves  is  very  small  indeed  when  contracted  with  thit 
which  is  under  the  influence  of  atmospheric  waste.  Even  in  an  island 
like  Britain,  the  discrepancy  is  great,  and,  of  course,  in  the  case  of  the 
continents,  it  is  infinitely  greater.  In  the  general  degradation  of  the 
land  this  Ls  an  advantage  in  favour  of  the  subaerial  agents,  which  woold 
not  be  comiterbalanced  unless  the  rate  of  waste  by  the  sea  were  many 
thousands  or  millions  of  times  greater  than  that  of  rains,  frosts,  and 
streams.  But,  in  reality,  no  such  compensation  exists.  In  order  to  see 
this,  it  is  only  necessary  to  place  side  by  side  measurements  of  the 
amount  of  work  actually  performed  by  the  two  classes  of  agents.  I^ 
us  suppose,  for  instance,  that  the  sea  eats  away  a  continent  at  the  it*« 
of  ten  feet  in  a  century — an  estimate  which  probably  attributes  to  the 
waves  a  much  higher  rate  of  erosion  than  can,  as  the  average,  be 
claimed  for  them.*     Then  a  slice  of  abojut  a  mile  in  breadth  will 

•  It  may  be  objected  that  this  rate  in  far  below  that  of  parts  of  the  east  coart  of  EnglM 
where  the  land  sometimes  loses  three  or  four  yards  in  one  year.  But,  on  the  other  btt4 
along  the  rocky  western  coast,  the  loss  is  probably  not  so  much  as  one  foot  in  ft  centniT. 
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re  about  58,800  yean  for  its  demolition,  ten  miles  will  be  eaten 
in  528,000  ye^tfs,  (me  hundred  miles  in  5,280,000  years.  Now 
ave  already  seen  l^t,  on  a  moderate  computation,  the  land  loses 
t  a  foot  from  its  general  surface  in  6000  years,  and  that  at  this 
of  subaerial  denudation,  the  continent  of  Europe  would  be  worn 
'  in  about  8,000,000  years.  Hence,  before  the  sea,  advancing  at 
rate  of  ten  feet  in  a  century,  could  pare  off  more  than  a  mere 
:inal  strip  of  land,  about  150  miles  in  breadth,  the  whole  land 
d  be  washed  into  the  ocean  by  atmospheric  denudation.* 
[nfluence  of  nphesTal  and  depresBion.-— Such  results  as  these  would 
ssanly  be  produced  if  no  disturbance  took  place  in  the  relative 
B  of  sea  and  land.  But  in  estimating  the  amount  of  influence  to 
ttributed  to  each  of  the  denuding  agents  in  past  times,  we  require 
ke  into  account  the  complicated  effects  which  would  arise  from  the 
iaval  or  depression  of  the  earth*s  crust  K  frequent  risings  of  the 
or  elevations  of  the  sea-floor  into  land  had  not  taken  place  in  the 
)gical  past,  there  could  have  been  no  great  thickness  of  stratified 
3  formed,  for  the  first  continents  must  soon  have  been  washed 
\  But  the  great  depth  of  the  stratified  part  of  the  earth's  crust, 
the  abundant  breaks  and  unconformities  among  these  sedimentary 
es,  show  how  constantly  the  waste  of  the  land  was  compensated  by 
•esidt  of  elevatory  movements. 

When  a  mass  of  land  is  raised  to  a  higher  level  above  the  sea,  a 
T  surface  is  exposed  to  denudation.  We  have  already  seen  that,  as 
le,  a  greater  rainfall  is  the  result,  and  consequently  also  a  mord 
e  waste  of  the  surface  by  subaerial  agents.  It  is  true  that  a  greater 
at  of  coast-line  is  likewise  exposed  to  the  action  of  the  waves,  but 
tie  reflection  will  show  that  this  increase  will  not^  on  the  whole, 
g  with  it  a  proportionate  increase  in  the  amount  of  marine  denuda- 
For,  as  the  land  rises,  the  cliffs  are  removed  from  the  reach  of  the 
kers,  and  a  more  sloping  beach  is  produced  on  which  the  sea  cannot 
with  the  same  potency  as  when  it  beats  against  a  cliff-line.  More- 
,  as  the  sea-floor  approaches  nearer  to  the  surface  of  the  water,  it  is 
former  detritus,  washed  off  the  land  and  deposited  under  the  sea, 
:h  comes  within  the  reach  of  the  currents  and  waves.  This  serves, 
)me  measure,  as  a  protection  to  the  solid  rock  below,  and  must  be 
iway  by  the  ocean  before  that  rock  can  be  exposed  anew.  While, 
efore,  elevatory  movements  tend  on  the  whole  to  accelerate  the 
»n  of  subaerial  denudation,  they  serve  to  check  the  natural  and 
oary  influence  of  the  sea  in  wasting  the  land.  Again,  the  influence 
[lovements  of  depression  will  probably  be  found  to  tend  in  an 
isite  direction.  The  lowering  of  the  general  level  of  the  land,  while 
ing,  as  a  rule,  to  lessen  the  rainfall,  and  consequently  the  rate  of 

•  See  Croll.  Phil  Mag.,  May  1868. 
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but  widely  sepantted  from  Uie  main  mass  pf  them,  we  readily 
ve  that  a  great  body  of  rock  has  been  removed.  In  Fig.  134,  for 
»le,the  beds  which 

gainstthe  sky-line  '^^^^i^  B 

the  escarpment  A, 
evidently  at  one 
)een  prolonged  to 
ght,  so  as  to  join 

fchoee  of  the  out-  Fig.  134. 

^  and  extend  still  Bscftrpment  and  OatUw. 

nr  beyond  D.  This  abrapt  tnmcation  of  strata  by  the  present  surface 
^)of  of  denudation.  The  excavation  of  the  valley  C,  the  isolation  of 
iU  B,  and  the  fonnation  of  the  low  country  stretching  to  the  right 

are  the  work  of  denuding  agents,  acting  upon  the  gently  inclined 

1,  2,  3,  4,  etc.    Many  admirable  illustrations  of  this  sLmplest 
Qce  of  denudation  are  furnished  by  the  escarpments  of  the  secondary 
Brdary  formations  of  the,  centre  and  south  of  England. 
.  But  even  if  there  are  no  valleys  or  outliers,  the  mere  fact  of  the 

cropping  to  the  surface  is  evidence  of  denudation.  In  Fig.  134, 
nncation  of  beds  6  and  6  by  the  surface  of  the  valley  C,  is  proof 
hey  have  been  denuded.  If  the  escarpment  and  outlier  had  been 
away,  and  the  sm&ce  of  the  valley  C  had  extended  over  their  site, 
ypearance  of  the  successive  outcrops  of  the  beds  would  have  been, 
;eological  eye,  as  satisfEU^ry  proof  of  the  reality  and  amount  of 
lation  as  if  the  escarpment  and  outlier  had  remained.  Nay,  more, 
ontcrops  along  a  level  or  rolling  surfeuse  would  have  in  reality 
d  a  greater  amount  of  denudation  than  the  escarpment  and  outlier 
r  by  protracting  the  angles  of  inclination  of  the  strata,  we  learn 
the  latter  must  once  have  risen  high  above  the  present  surfSaoe. 
kind  of  evidence  is  sometimes  singularly  striking  in  a  country 
i  the  dip  of  the  rocks  is  more  highly  inclined.  In  Fig.  42  (p.  188} 
kiata  which  rise  to  the  surface  at  angles  varying  from  36^  to  50^ 

have  extended  much  farther  upward  than  they  do  now,  though 
furnish  us  with  no  means  of  ascertaining  how  far  they  did  extend. 
i.  But  in  cases  where  the  strata  are  not  only  inclined  but  thrown 
folds,  ,we  obtain  evidence  of  at  least  the  minimum  amount  of 
dation.   This  will  be  understood  at  a  glance  if  the  reader  will  turn 

to  Fig.  47  (p.  193).  The  anticlinal  axis  A,  and  the  synclinal 
Sh  B,  have  there  been  both  planed  down  to  form  the  present  sur- 
the  dotted  lines  above  that  surfiace  representing  a  portion  of  the 
i  which  has  been  removed.  Now,  if  the  thickness  of  strata  between 
'  7  and  11  be,  say  1000  feet,  then  there  must  have  been  at  least 
0  feet  of  rock  worn  away  from  the  top  of  the  fold  A.  This  would 
the  ndnimnm  amount,  but  in  reality  the  total  quantity  oi  to^ 
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removed  would  he  much  greater,  for  the  beds  above  No.  11,  now  fooBd 
on  each  side  of  the  anticlinal  axis,  once  covered  it,  and  have  anoe  bem 
denuded.  Again,  in  Fig.  84  (p.  822),  an  illoatntion  ia  gxren  of  Ik 
way  in  which  an  approximate  estimate  may  be  farmed  of  die  extent  to  \ 
which  a  country  has  suffered  denudation.  If  we  aacertained  by  unaiim 
ment  that  the  slates  between  the  highest  and  the  lowest  oongkinenteiB 
that  diagram  were  6000  feet  thick,  it  would  be  evident  that,  fitom  the 
top  of  the  anticlinal  fold,  a  depth  of  rock  of  more  than  diat  amont 
must  have  been  removed.  Many  instructive  sections  of  this  kind  n? 
be  found  in  the  writings  of  Professor  Bamsay.  *  He  shows  that  in  S<m& 
Wales  a  thickness  of  in  some  places  as  much  as  at  least  11,000  kdd 
rock  has  been  removed  from  what  is  now  the  surface  of  the  oountiy. 

A  remarkable  fact  has  been  frequently  noticed  in  districts  wImr 
the  rocks  are  much  folded,  namely,  that  the  present  surfieiee  bean  bo 
relation  to  the  folds,  but  has  been  worn  across  them.  Hence  a  levd 
or  gently  undulating  tract  of  ground  often  lies  upon  rocks  that  bivs 
been  folded,  and  even  violently  contorted.  This  can  only  be  explauwd 
by  the  working  of  denudation.  Wales,  as  Professor  Ramsay  bog 
ago  showed,  affords  many  characteristic  examples.  The  great  GUI' 
boniferous  plain  of  Ireland  also  illustrates  the  way  in  which  a  lefd 
surface  may  be  worn  out  of  tilted  and  convoluted  rocks  (Fig.  135). 


Pig.  135. 
Representing  general  stractore  of  central  plains  of  Ireland,  formed  of  trndolating  bedi 
of  the  lower  part  of  the  Carboniferous  limestone,  corered  here  and  there  with  Uiatrtwi 
gravel.    (Jokes.) 

The  rocks  on  which  that  plain  lies  consist  chiefly  of  beds  of  the  lover 
part  of  the  Carboniferous  limestone,  from  which  the  Coal-measures  and 
upper  parts  of  the  limestone  have  been  removed  ;  a  general  thickness 
of  2000  or  3000  feet  at  least,  perhaps  even  6000  or  6000  feet  of  rock, 
being  thus  lost       In  the  south  of  Ireland  the  denudation  is  made 


Fig.  ISd. 
Escarpment  A  and  Outlier  B  of  Irish  Coal-measnres,  overlooking  plain  of 

Carboniferous  limestone.    (Jukes.) 

more  apparent  by  the  occasional  preservation  of  fragments  of  the  sheet 
of  Coal-measures  which  formerly  covered  the  country  (Fig.  136).    Tl* 

*  See  his  paper  **  On  the  Denudation  of  South  Wales,"  ATeM.  Gtol.  Swv.,  roL  L ;  tlM 
his  **  Memoir  on  the  Geology  of  North  Wales,"  Op.  cU.,  vol  iiL 
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landi  of  Wflifiad  "mt  atliar  puis  of  tha  «t«iMl  bib  underlaid  in 
xxMoaet  Iff  liig^y  inolmed  and  often  contorted  Lower  Silnmn  and 
luumiocbi.  In  Scotland  the  ItRMdnpIanda  of  the  aoathencoontiM 
pcsLumOariookB)  while  the  HigTilanTlf  ^ft*"^  mmfiy  ■fcritiiig  HTftTnpIp* 
0  HflmiHatirm  of  jMEt  antdcluud  uid  ejnclinil  folda.^ 
What  IB  trae  of  the  Britiah  lalanda  ia  equally  so  of  the  reet  of  tlie 
1.    Emj^hxM  we  find  that  plicated  locka  hare  been  wom  down 

ao  tiace  of  the  tMaagt  ia  letained  \»j  the  pieaent  fium  of  the 
nd.  In  Scandinavia,  the  gnat  tabU-Iand  out  of  whieh  du  western 
■  hare  been  cut,  eondata  of  emmpkd  and  inclined  mrtsaunphie 
I.  Ihe  greater  put  of  Canada  1^  npon  folded  and  eonbnted 
oaneatntiL  A  great  pioportion  of  the  United  Btate«  i«  nndatlud  bj 
■d  roeka,  which  mnetinMi,  aa  in  the  Appalachian  diain,  have  been 
,  into  the  most  remarkable  plications  and  eaumnonilf  denuded,  t 
[4^  Perh^w,  to  a  geological  eye,  the  moat  abriking  eridence  of  all 
O  the  extent  to  which  fiie  general  gotfaoe  of  a  oonntiT  haa  been 
Med  by  denndation,  ia  fomiahed  bj  the  w»7  in  which  all  aopwfloial 
iMtion  of  huge  dialoeationa  has  been  efhced.  It  is  not  nnconuoon 
BMt  with  a  fault  where  the  etrata  on  the  one  side  have  been  elentted 
iqacwedBOO  or  600  feet  above  or  below  thoee  on  the  other;  bat  it  ia 
itofindanyefibct  of  inch  a  dialocation  on  the  snrfaBe  of  thegronnd. 
ov  ooal-flelds,  where,  boia  the  mnch  more  detuled  examination  which 
f  leceire,  faolta  are  obaerred  in  greatest  abundance,  we  sometimes 

a  diatoict  which,  from  the  mining-plans,  is  seen  to  be  a  net-work  of 
tt,  of  all  mtet,  up  hi  a  hundred  faUioms  or  more,  jet  showa  at  the  ror- 
only  olovelibeteh  of  ootn-fields  and  meadows.  In  all  these  instances 
e  can  be  no  doubt  that  a  great  thickness  of  rock  has  been  removed. 
B  tb  KKitli  at  Inland  a  mnaricshls  ilIiinTatlo&  b  sffoidtd  bj  the  SUsven*- 
irTippsnrj.t   This  gnit  dialocatin  hu  &  throw  ol  not  lasi  thm 


the  Silnriau  rocks 


■t  sdltlDn  of  ttd*  Woik,  rrom  whloh  ilao 
kam.  Tbg  gwloglal  tealorM  be  dMcrfbas  mij  In  Anmd  tnmd  bj 
V  (//niawt,  pnbllibad  tqr  Stsslbrd. 


Q 
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The  Coal-measures  here  are  about  800  feet  thick,  and  rest  on 

limestone,  of  vhich  numerous  beds  crop  out  towards  the  north,  makixig  a  totil 

thickness  apparently  of  not  much  less  than  8000  feet     From  vndemestUi  thk 

limestone  certain  beds  of  sandstone,  called  Old  Bed  Sandstone,  crop  to  the  nlItl^ 

forming  a  low  hill,  which  may  be  called  the  Emly  Bidge.     The  thickness  of  tUi 

Old  Bed  Sandstone  b  not  there  determinable.     In  the  country  to  the  aoath,  hn- 

ever,  we  get  the  same  Carboniferous  limestone  in  the  vale  of  Aherlow,  with  tit 

same  Old  Bed  Sandstone  rising  from  underneath  it,  and  forming  a  hill  <iIM 

Slievenamuck,  1200  feet  high.     In  this  hill  its  beds  are  well  seen,  nearly  ftot 

top  to  bottom,  and  their  total  thickness  cannot  be  less  than  1000  feet.   Xonovv; 

on  the  northern  slope  of  this  hill,  the  bottom  beds  of  the  Old  Bed  Sandstons  an 

exposed,  and  may  be  observed  to  rest  on  the  uptilted  and  previously  dendii 

edges  of  certain  slates  and  grits  which  are  of  much  greater  geological  age,  lai 

probably  belong  to  the  formation  known  as  Lower  Silurian,  and  some  thidoMfi  d 

these  is  shown  on  the  face  of  the  hiU.     But  on  descending  the  hill,  a  little  loveff 

we  come  suddenly  on  to  the  Coal-measures  dipping  at  a  gentle  angle  to  the  soath. 

and  abutting  directly  against  the  Lower  Silurian  rocks.     This  proves  thst  thai 

is  a  fault  there,  with  a  down-throw  to  the  N.,  equal  to  the  whole  amount  of  tki 

thickness  of  the  rocks  above  mentioned,  namely,  1000  feet  of  Old  Bed  Ssodstoaib 

8000  feet  of  Carboniferous  Limestone,  and  800  feet  of  Coal-measures,  or,  taking  i 

minimum,  4000  feet*    This  section,  when  examined  in  connection  with  the  fi^ 

rounding  district,  is  a  very  instructive  one.     We  may  learn  from  it — 

Ist.  That  the  rocks  called  Lower  Silurian  were  greatly  disturbed  and  denuM 
so  OS  to  have  a  surface  formed  across  the  edges  of  their  beds  before  any  other  rod 
was  deposited  ujwn  them. 

2ci/y.  That  upon  the  surface  so  formed  the  series  of  sandstones  called  the  (M 
Bed  Sandstone  were  deposited  horizontally,  and  without  any  disturbance,  and  tbit 
the  whole  of  the  Carboniferous  limestone  and  the  Coal-measures  were  similaiif 
accumulated  over  the  Old  Bed  Sandstone,  in  r^ular  unbroken  order,  by  panlM 
or  '*  conformable  "  deposition,  so  as  to  make  a  thickness  of  horizontal  beds  at  M 
equal  to  4000  feet. 

Sdly.  That  subsequently  to  the  deposition  of  the  last  of  these  beds  distorliaiMi 
took  place,  the  rocks  were  lifted  up,  tilted  and  broken  through,  and  that  disloeir 
tion  took  place  to  the  amoimt  just  stated. 

iiJUy.  At  the  time  that  this  dislocation  took  place  the  Coal-measures  must 
certainly  have  existed  generally  over  the  surface,  or  the  dislocation  would  not  bi^ 
brought  do\\ii  beds  belonging  to  them — a  conclusion  confirmed  by  the  occnmaB 
of  other  isolated  patches  of  Coal-measures  still  existing  all  round  the  district  ^ 
the  distance  of  a  few  miles  fh)m  this  spot 

5thly.  Since  the  disturbance  of  the  country  denudation  has  removed  all  tki 
Coal-measures  from  off  the  district  except  the  patches  mentioned  above,  sadi 
moreover,  has  removed  large  portions  of  the  upper  part  of  the  Carbonifenm 
limestone,  since  the  lower  beds  of  that  formation  now  appear  at  the  surface  in  tbi 
greater  port  of  the  neighbourhood.  But  it  has  done  more  than  that,  for  in  tbo0 
s].x)ts  where  the  Old  Bed  Sandstone  now  forms  the  surface  rock,  not  only  thi 
whole  of  the  Coal-measures  but  the  whole  of  the  limestone  must  have  he> 
removed,  and,  moreover,  it  has  cut  deeply  into  the  Old  Bed  Sandstone,  and  ii 
some  places  right  through  even  that,  and  swept  it  clear  away,  so  as  to  re*expoi^ 
the  old  denuded  surface  of  the  Lower  Silurian  rocks,  on  which  the  Old  Bed  Saal- 
stone  was  deposited,  and  has  even  gone  yet  further  still,  for  this  more  reoerf 
denudation  has  in  some  adjacent  loc-alities,  especially  along  the  northern  slope  rf 
the  Galty  mountains,  which  lie  south  of  the  vale  of  Aherlow,  eaten  down  so  as  ts 

*  See  Sheet  6  of  the  Horizontal  Sections,  and  ExpUnation  of  Sheet  164  of  the  Xapa  d 
the  GeoL  Survey  of  Ireland  by  Mr.  J.  O'Kelly. 
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^eep  ImUowb  and  TaOey*  into  the  Lower  Silurian  rocks  tfaemaelTM,  aereral 
r>ad  feet  Mow  that  tmfMse  on  which  the  Old  Bed  Sandatone  was  depoaited. 
^itthe  eotnehudcna  dedneed  firom  the  examination  of  the  struotnraof  tUi  part 
Xipttaiji  may  be  esfeanded  to  the  whole  of  Ireland,  orer  the  grmUnt  part  of 
k.  the  abore-nanied  formationi  are  to  be  found  nndnlating  above  and  below 
^^Mnt  avifMse  of  the  ground,  the  Coal-meastirea  ooming  in  generallj  aa  high 

anting  in  a  baain  of  the  Carboniferons  limeetone,  as  at  B,  Fig.  186,  and  the 

Kttd  Sandatone  and  SOuian  rocks  rising  oat  from  underneath  the  limesUme 

ftito  hUls  stiU  loftier  than  the  highest  parts  of  the  Coal-measures,  and  oom- 

r*  OHMlng  great  antidinal  curres  in  the  Old  Bed  Sandstone.    The  Oomme- 

fr  tib  Knockmealdowns,  the  Galtees,  the  Slievebloom,  the  Keeper  groap»  and 

^  mountains  of  Kerry  and  Coik  generally,  all  come  within  the  latter 

Fig.  188  is  a  diagrammatio  section  running  firom  W.  to  E.  across  the 


Fig.  188. 

f  Dlagnunmatlo  section  across  the  Deril's  Bit  Mountain. 

GL  Ifc  CaiboBiferoos  Lfmestone. 

Ol  B.  8.  Old  Bed  Sandstone,  its  denuded  part  being  shown  by  the  dotted  Unss. 

I.  Lower  SHuxian  rocks. 

tPs  ^t  range,"  a  part  of  the  Keeper  group  where  the  original  anticlinal  form 
Old  Bed  Saikdstone  is  proved  by  a  small  capping  of  it  left  on  the  summit  of 
•hOL*  Farther  south  and  south-west  of  this  point  the  Old  Bed  Sandstone  is 
fk  tUdker,  and  has  not  therefore  been  so  often  worn  through  by  the  denuda- 
IM  in  the  Keeper  and  Oalty  groups. 

fi,  8aba«rial  Denudation  gives  rise  to  Vallesrs  and  Hills. 

If  tiie  present  action  of  air,  rain,  Bprings,  rivers,  and  ice,  is  their 
■Ml  tme,  and  we  have  no  evidence  that  it  is  not,  then,  since  that 
fan  is  greatest  along  the  lines  whereby  the  drainage  is  returned  to 
^•es,  its  general  effect  npon  the  land  most  necessarily  be  to  carve 
i  ijrtems  of  valleys.  If  we  reflect  adequately  upon  the  mass  of 
iris  which  every  river  annually  removes  from  its  basin  and  carries 
tto  tea,  we  are  led  to  realise  the  truth  of  Hutton's  doctrine,  that 
jks  great  ajstem  upon  the  surface  of  this  earth  is  that  of  valleys  and 
lin ;  and  that,  however  this  system  shall  be  interrupted  and  occa- 
ttSfy  destroyed,  it  would  necessarily  be  again  formed  in  time  while 
ilcttth  ocmtinueil  above  the  level  of  the  sea.^t  Subterranean  move- 
Ms  vmff  in  any  particular  instance,  have  aided  the  operation  of  the 
■dBorie  fofoes.  But  this  co-operation  is  not  absolutely  necessary.  Were 

*i«lb;a.  a  Wynnes'  description  of  this  district  in  the  ExplaaaUons  of  Sheets  186 
t  Mltf  the  GeoL  Snnrer  of  Ireland, 
i  IWmv  ^Os  JMI^  ToL  IL  p.  688. 
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a  maas  of  land,  without  a  angle  yallej,  but  with  a  smooth 
gently  seaward  from  its  central  portion,  to  be  eleTated  aboTe  the  oomd, 
and  exposed  to  the  atmospheric  agents  of  denudation,  a  system  of  I 
wateroourses  and  yalleys  would  certainly  be  excavated.*  Nor,  am  J 
have  already  seen,  would  a  long  series  of  geological  periods  be  ntccawy 
for  such  a  result  At  the  present  rate  of  erosion^  yalleya  SOO  hA 
deep  might  be  carved  out  in  a  million  yean. 

If,  on  the  other  hand,  a  portion  of  the  earth's  crust,  crampled  iol 
fractured  in  the  extremest  degree,  were  raised  above  the  sea,  it  wonU  it 
once  begin  to  yield  to  denudation.  Unless  its  upheaval  were  too  nfii, 
it  would,  as  it  rose,  be  battered  and  worn  down  by  the  sea.  Its  soite 
would  crumble  away,  and  the  original  features,  due  to  subtennma 
movements,  would  gradually  disappear.  These  features  would  dtmU* 
less,  at  first,  greatly  affect  the  lines  of  drainage,  and  their  inflnoioB 
would  continue  to  be  traceable  until  it  waned  and  disappeared  akog 
with  the  features  themselves ;  and,  as  Button  showed,  the  nonnal 
system  of  valleys  of  erosion  would  necessarily  be  restored. 

While  the  obvious  and  direct  effect  of  subaerial  denudation  is  to 
give  rise  to  valleys,  it  is  evident  that,  as  the  valleys  become  widcDei 
and  deepened,  the  ground  between  them  will  be  lejft  standing  oat  m 
ridges  and  hills.  The  form  of  these  less  denuded  portions  of  the  ]mu^ 
surface  must  be  subject  to  infinite  variety,  according  to  the  position  of 
the  valleys,  the  hardness  or  softness,  and  the  varying  geological  fitr» 
ture  and  grouping  of  the  rocks.  But  these  varieties  ought  not  to  oonofli! 
from  us  the  fundamental  fact  that  the  hills  exist,  because  the  TsUkp 
have  been  carved  out  of  them.  The  very  varieties  of  form,  as  we  bImB 
see  in  the  next  chapter,  are  themselves  in  great  measure  brought  oflt 
only  in  the  course  of  denudation. 

7-  Marine  Deniulation  produoee  Plains  and  Table-landa 

If  the  various  destructive  elements  have  acted  upon  the  suito  ' 
the  land  in  past  time  with  any  approach  to  the  proportions  in  vbii^ 
they  are  acting  now,  it  seems  to  be  clear,  ^m  the  various  considentio* 
which  have  now  been  adduced,  that  the  sea  can  have  played  ^^ 
secondary  part  in  modelling  the  outlines  of  a  continent.  It  may,  f^ 
haps,  be  objected  to  this  conclusion,  that  the  traces  of  wide  level  tri^ 
known  as  plains  of  marine  denudation,  so  commonly  to  be  met  viv 
over  the  earth^s  surface,  can  only  be  attributed  to  sea-action,  and  vxd 
prove  the  sea  to  have  had  no  small  share  in  the  general  task  of  plfloU 
down  the  land.  These  plains  are,  indeed,  in  all  probability,  f^o^ 
to  the  action  of  the  sea  ;  but  if  we  reflect  upon  the  tendency  of  90^ 
spheric  waste,  we  must  perceive  that  such  plains  are  the  natural  •* 

*  See  the  passage  In  PlayftOr'B  /UiwtroMona,  sec.  09. 
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my  lesult  of  tibat  waste.  In  abort,  ^  a  plain  of  marine  denuda- 
*  is  that  sea-lerel  to  which  a  maaa  of  land  has  been  leduoed  mainly 
e  snbaerial  foicea;  the  line  below  which  faitherdegndation  became 
■ible,  because  the  land  was  thereafter  protected  by  being  coyered 
ue  sea.  Undoubtedly  the  last  touches  in  the  long  procew  of  sculp- 
g  were  giren  by  the  waves  and  currents,  and  the  surface  of  the 
corresponds  with  the  lower  limit  of  the  action  of  these  forcesL 
!  cannot  but  believe  that  in  the  past  history  of  our  planet  the  in* 
9e  of  the  ocean  has  been  hx  more  conservative  than  destructive. 
ifli  the  reach  of  the  waves,  the  surfsoe  of  the  abraded  land  has 
fid  the  demolition  which  sooner  or  later  overtakes  all  that  rises 
I.  Hiem ;  and  there,  too,  in  those  submarine  depths,  the  sedi- 
117  materials  have  accumulated,  out  of  whicb  the  existing 
lenta  have  been  framed. 

8.  Denudation  as  a  Measure  of  Time. 

n  the  foregoing  pages  denudation  has  been  treated  as  a  process 
advancing  before  us,  and  producing  certain  measurable  results. 
;  k  Jiappening  now  has  happened  also  in  the  past  We  cannot 
le  geological  history  for  even  a  short  way  backward,  without  en- 
ttiiig  on  every  side  proofs  of  continued  and  enormous  denudation, 
ee  that  in  the  past  results  have  been  effected  exactly  similar  to 
which  are  accomplished  at  the  present  time,  and  we  infer,  with 
lenee,  that  the  sindlarity  of  result  indicates  an  identity  of  cause — 
the  agents  which  are  denuding  the  surface  of  the  earth  to-day 
lie  same  as  those  which  have  denuded  it  in  former  ages.  It  is  not 
vazj^  however,  to  assume,  as  is  too  often  done  by  modem  geologists, 
the  present  rate  of  change  has  always  been  uniform,  and  must  be 
1  aa  the  measure  for  all  past  and  all  future  time.  Though  we  have 
reason  to  believe  that  denudation  iu  the  past  has  been  the  result 
s  same  agencies  by  which  it  is  still  produced,  we  are  not  warranted 
adode  that  these  agencies  have  always  acted  in  precisely  the  same 
<fttiaii  and  at  exactly  the  same  rate.  The  present  system  may,  in- 
^  represent  a  fair  average,  as  it  is  certainly  the  only  one  on  which 
m  safely  base  any  speculations  regarding  the  past  changes  of  the 
^s  surface.  But  we  must  not  dogmatically  assume  that  no  other 
of  change  could  have  been  possible,  or  that  uniformity  of  causation, 
leaaored  by  human  experience,  is  an  established  truth.  The  drde 
M4;  experience  is  still  too  narrow  to  justify  such  assumptions.  Only 
iQl  the  last  few  years  Mr.  Croll  has  taught  us  how  materially  the 
^  in  progress  upon  the  surface  of  the  earth  may  be  modified  by 
iiical  eanses.  which  recur  at  certain  definite  intervals.*    And  there 


P^  nOL  itaf,  for  Angiist  1864 :— 4he  lint  of  a  remailuble  Miles  of  ptpem,  ViL^YkV^ 
dstao*  toouglit  into  the  §ervice  of  geology. 
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Recent  researches  in  physics,  as  we  Save  already  seen,  go  to  show 
lit  the  unlimited  ages  so  often  demanded  by  geologists  cannot  be 
mted.*     It  is  well,  therefore,  to  find  that  these  demands,  in  so  far 

questions  of  denudation  are  concerned,  are  really  umiecessary,  that 
em  the  facts  of  the  science  itself  do  not  require  such  exorbitant  drafts 
on  the  past. 

*  See  omU,  p.  825,  and  note.    Thomson,  Trans.  Oeol,  Soe,  GUugow,  iii.  parte  i.  and  ii. 
o  Phfllipa,  Life  on  the  Earth,  p.  119 ;  Haughton's  Manual  of  Geology,  pp.  82-99. 
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Ujfry  of  the  movements  by  whicb  the,  dsent  dirtiibiitioiiQf  land  and 
has  been  brought  abonl  Until  that  knowledge  k  more  complete, 
Bemfi  prematore  to  generalise  legaiding  the  progress  of  the  upheaval 
lie  continents  and  the  depression  of  ti^e  oceans.  Starting  £rom  the 
md  fwsst  that  our  continents  are  the  result  of  upheaval,  and  our  ocean* 
■  of  depression,  we  may  more  profitably  at  present  proceed  to  inquire 
lit  18  the  nature  of  the  processes  which  have  resulted  in  the  formation 
be  heights  and  hollows  of  the  land— our  hOls  and  mountains,  valleys 
Xftvines,  lakes  and  plaina 

.Many  geologists,  whose  names  have  attained  the  greatest  eminence, 
m  yet  not  sufficiently  distingmshed  the  forces  which  have  produced 
external  forms  of  the  land,  firom  those  which  have  aiQ\justed  its 
materials.  The  rocks  of  which  most  of  our  mountains  are 
have  been  so  obviously  bent  and  broken,  uptilted  and  uplifted 
ft  iheir  present  positions,  by  internal  forces  of  disturbance,  that  it 
•  "been  hastily  concluded  that  the  fractures  and  contortions  of  the 
km^  the  direction  of  the  slopes  of  the  surface  over  them,  and  the 
tarn  of  the  hills  made  of  them,  have  all  had  one  common  origin.  It 
kften  forgotten  that  if  the  present  sur&ce  slopes  had  been  adjusted 
same  time  as  the  internal  structure,  they  must  both  have  been  in 
beforo  that  time.  The  present  surface  of  the  hills,  then,  must 
existed  as  a  surface  before  the  hills  were  elevated ;  but,  as  the 
of  the  hills  often  expose  the  most  deeply-seated  rocks,  it  would 
that  the  surface  which  exposed  those  rocks  before  they  were 
into  hills  must  have  been  that  of  deep  excavations  or  hollows, 
also  follow  that  the  movements  of  elevation  which  lifted  the 
so  as  to  form  hills  acted  chiefly  on  the  areas  which  had  been  thus 
so  as  to  invert  them,  like  so  many  glove-fingers,  and  push 
rock  exposed  in  the  deepest  hollow  tUl  it  formed  the  loftiest 
In  short,  the  hypothesis  necessarily  lands  us  in  absurdity, 
the  necessity  of  distinguishing  between  the  forces  which  gave 
to  certain  masses  of  rock  on  the  one  hand,  and  those  which 
imparted  external  form  to  it  on  the  other. 
Most  of  the  misconception  on  this  subject  has  arisen  from  the  use 
enggemted  diagrams,  and  from  neglecting  to  begin  by  deciphering 
tme  geological  structure  of  the  ground  before  proceeding  to  reason 
the  history  of  its  external  features.  It  cannot  be  too  early  or  too 
pressed  upon  the  student  to  accustom  himself  from  the  beginning 
m  his  sections  on  a  true  scale,  vertical  and  horizontal,  and  to  insert 
them  at  first  only  the  evidence  which  he  has  been  able  to  procure 
the  dip  and  curving  of  the  rocks.  By  this  means  he  will  learn 
vividly  and  instructively  than  in  any  other  way  how  completely 
resent  surface  of  the  ground  is  a  sculptured  surface,  carved  out  by 
hatoion,  and  how  little,  as  a  rule,  it  is  affected  by  the  di8locatiom>, 

2q 
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npheavalB,  and  convolutions  6^  .he  locks  undeineatlL  it.*  He  will  find 
that  whatever  may  have  been  the  original  effect  of  these  aubtemneui 
movements  upon  the  surface,  they  have  not  fonned  the  existing  sniike, 
which  has  been  worn  down  during  the  removal  of  hundreds  or  thoa- 
sands  of  feet  of  the  fractured  and  crumpled  rocks.  Recognising  that 
subterranean  agencies  have  raised  the  sea-bed  into  dry  land,  and  that 
mountain-cliains  are  portions  of  the  land  which  have  been  upheaved 
farther  than  the  lower  grounds,  he  will  yet  come  to  perceive  that  the 
wearing  down  of  the  mountains  to  their  present  form,  the  carving  out 
of  glen,  and  valley,  and  ravine,  the  isolation  of  huge  hills,  the  excava- 
tion of  deep  lake-basins,  the  levelling  of  wide  table-lands  and  plaiiu^ 
have  all  been  the  work  of  the  surface  agencies  of  denudation. 

It  was  the  profound  and  far-seeing  remark  of  Hutton,  that  the  great 
central  feature  and  key  to  the  history  of  a  land-surface  is  its  system  d 
valleys.  In  the  following  pages,  therefore,  we  shall  examine  the 
structure  and  origin  of — 1.  Valleys,  with  their  subordinate  feature^ 
as  ravines,  passes,  and  lakes  ;  2.  Plains  and  table-lands  ;  3.  Mountaiiu 
and  hiUs. 

1.  Valleys. 

Valleys  of  all  kinds,  from  the  most  open  to  the  most  narrow  and 
profound,  are  hollows  worn  by  erosion.  They  have  frequently  beai 
eroded  along  the  crest  of  an  anticlinal  curve,  which  gave  rise  to  tl» 
niisUikeu  notion  of  the  so-called  "  valley  of  elevation," — a  notion  of 
which  the*  ghost  still  haunts  some  parts  of  the  geolo;Tical  world.  The 
only  other  j)os.sible  mode  of  forming  a  valley  than  that  of  erosion  is  ^ 
the  growth  of  hills  in  such  close  proximity  as  to  give  to  the  unfilled 
spaces  between  them  the  appearance  of  valleys.  Such  features  may  occiff 
betwccu  closely  adjoining  volcanic  cones.  They  may  also  be  fornrf 
on  a  minor  scale  between  rows  of  8and-<lunes.  Earthquakes  sometim* 
fonn  fissures  at  the  surface,  and  torrents?  may  take  advantage  of  these 
to  commence  the  formation  of  ravines.  But  without  a  torrent  no  earth* 
quake  fissure  ever  becomes  a  glen  or  ravine,  still  less  a  valley. 

Tlie  direction  along  wliicli  the  external  forces  shall  produce  id<^ 
effect,  or  along  which  they  shall  be  set  to  act,  may  often  depend  (* 
something  which  is  the  w^ork  of  internal  force,  such  as  lines  of  anticlinal 
or  synclinal  fold,  lines  of  fault,  or  boundary  lines  of  formations ;  buti^ 
is  the  direction  only  wliicli  is  so  governed.  The  ext<irnal  features  ^ 
duced  in  that  direction  are  produced  by  external  action. 

An  illustration  of  the  way  in  which  erosion  carves  out  a  svstem  » 
valleys  on  a  land-surface  is  furnished  to  us  by  what  takes  place  daily 

*  The  writer  may  perhaps  bo  pardoned  If  he  refers  the  student  to  the  pnhlirtied  wetk)*» 
of  the  Geological  Sur\-ey,  as  a  pattern  for  his  guidance.  Tlicse  sections  are  still  uniqi^ 
though  they  have  served  as  models  in  other  countries  as  well  as  in  our  colonies. 
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he  ooiat  If  we  mbJi  tlie  tide  leceding  from  a  flat  muddy 
re  Me  that  the  mnd-flat,  eren  when  no  £mh  water  dnuiu  over 
the  land,  it  &eqneiitlf  travcned  by  a  nnmber  of  little  branching 
\  of  channela«  opening  one  into  the  oths,  *t»1  tending  to  one 
embonehnie  on  the  maigin  of  the  mnd-flat,  at  low-watei  mark. 
i&ee  of  the  mnd  i*  not  a  geometrical  plane,  but  aligbtly  nndn- 
and  the  aea,  M  it  Kcede^  carriea  oft  aame  of  the  lifter  and 
nifnce-matter  from  lome  parte,  thns  "'"^'"g  additional  hollows, 
ming  and  giving  direction  to  cnirents,  which  acqniie  more  and 
bnw,  and  are  drttwu  into  narrower  limits,  as  the  water  foils, 
channels  am  thus  eroded,  and  canals  (applied  for  the  drainage 
vhole  sorface.  Pint  two,  and  then  more,  of  these  little  ejatem* 
kage  nnite,  until  at  dead  low-water  we  often  have  the  miniatore 
ntuion  of  the  river  system  of  a  great  condseat  (wanting  of  eoone 
nu  tRin-c-hftin'T)i  produced  by  the  very  agent — namely,  mnning 
-by  which  all  river  systems,  on  all  islands  and  continents,  have 
rodnced.  But  althoogh  numing  water  was  the  agent  in  both 
le  water  in  the  one  case  wai  that  of  the  sea,  in  the  other  that  of 
lephere.  Hie  daily  rise  and  foil  of  the  tide  over  the  mod-flat, 
repeated  drainage  action  thus  kept  up  on  it,  would  be  but  feebly 
by  the  rarely  occurring  rise  and  foil  of  the  land  through  the 
■face  of  the  sea.* 

epeated  drainage  action  of  die  falling  tide  finds  its  analogue 

id  in  the  drainage  action  of  the  foiling  rain.     This  water, 

fiiat  over  a  large  enrfoce,  partly  sinks  into  the  ground,  but 

der  flows  or  soaks  down  the  nearest  slope,  till  it  meete  a 

ind  that  turns  it  aside.    Hie  united  waters  of  the  two  slope* 

iwn  the  line  between  the  two,  and  begin  to  cut  a  channel 

line.     What  happens  in  one  part  of  the  area  happens  in 

'he  varions.  channels  ttnite  and  form  streams,  ever  increas- 

le  and  power  on  their  course  towards  the  sea.     If  these 

st  nnite  in  a  badn  and  form  a  lake,  they  muBt  ultimately 

a  till  it  overflows  at  ite  lowest  point,  and  the  escaping 

;nces  to  cut  a  gorge  there  which  will  in  the  end  drain 

on  in  which  these  rivulets  and  their  reenlting  riven  may 

er  of  thent  that  may  nnite  to  form  one  main  stream,  and 

:  that  stream  may  finally  enter  the  sea,  depend  on  the 

'  the  surface  of  the  ground  and  the  quantity  of  rain  that 

well  as  on  the  nature  and  position  of  Hie  rooks  that  lay 

lal  surface.     When  the  l^id  was  first  upraised  above 

have  some  central  line  or  point  where  the  elevation 

which  would  consequently  form  the  line  or  point  of 

■U*  tUnftnUaa  if  ftoa  lot  «df  tiDD  of  this  work. 
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wmtenhed.    The  saHiace  of  the  new  land,  even  if  it  were  a  plain 

marine  denudation,  must  have  had  many  ineqnalitieab    Of  these,  t 

lain,  descendiDg  in  rivulets  and  large  etreama,  would  avail  itself,  choosi 

ever  the  lowest  levels  and  the  nearest  paths  by  which  the  water  cou 

find  its  way  to  the  sea.    The  paths,  when  once  taken,  wonld  be  retaiw 

deepened,  and  widened,  while  the  general  surface  of  the  whole  count 

was  at  the  same  time  being  lowered  by  the  various  agents  of  subaer 

denudation.   The  retention  of  the  draining  water  in  old  ri>««n<>U  woi 

be  more  certain  in  proportion  to  the  steepness  of  the  ground  and  cc 

sequent  rapidity  of  the  flow  of  water ;  and  channels  would  there 

most  rapidly  deepened.    Such  deep  valleys  or  ravines  are  scarcely  to 

obliterated,  or  otherwise  altered  than  from  deepening  and  enlaigeme 

by  any  number  or  amount  of  changes,  short  of  the  removal  of  the  m 

of  high  ground  which  they  traverse.     As  long  as  the  mountains  renu 

undestroyed,  the  valleys  and  ravines  must  obviously  be  continna 

enlarged,  both  vertically  and  laterally,  by  the  action  of  the  wat 

which  traverse  them. 

In  this  system  of  volley-carving  the  form  of  the  ground  on  eitl 
side  of  a  river-course  would  mainly  depend  on  the  nature  of  the  und 
lying  rock9,  and  the  relative  potency  of  the  river  and  of  the  other  age 
*)f  suhaerial  denudation.  When  the  rocks  traversed  by  the  river  w 
but  feebly  disinte^j^rated  by  the  atmospheric  influences,  in  compari 
to  the  erosion  carried  on  by  the  river,  the  groimd  would  remain  hi 
and  the  river- valleys  narrow,  deep,  and  precipitous.  Where,  on 
other  hand,  the  rocks  ofl'ered  less  resistance,  the  valleys  would  beco 
more  open,  and  their  sides  more  gently  sloping  ;  and  where  the  it 
masses  were  easily  aff'ected,  the  valleys  would  expand  into  plains,  of 
of  sucli  a  width  and  extent  that  their  dependence  on  the  original  riv 
valley  might  cease  to  be  api^areut.  Still  that  dependence  would 
proved  by  the  fact  of  the  tributary  streams  flowing,  however  sluggi?! 
into  the  main  original  river,  and  the  whole  surface  of  the  diy  U 
being  divisible  into  river-basins,  separated  by  narrow  lines  of  watersl 
{dil'ortia  aquarum),  or  lines  which  shed  or  separate  one  system 
running  waters  from  another. 

The  author  of  this  Manual  was,  in  the  last  years  of  his  life,  one 
the  foremost  advocates  of  the  erosive  origin  of  valleys,  and  to  his  elu 
dation  of  the  history  of  the  river-valleys  in  the  south  of  Ireland  mi 
of  the  recent  progress  made  by  geologists  in  this  branch  of  their  sciei 
is  to  be  ascribed.  He  has  left  the  following  resume  of  his  reaeard 
for  insertion  in  the  present  edition  of  this  work  : — 

Biver- Valleys  of  the  South  of  Ireland. — ^Althongh  I  had  for  many  Jt 
aeon  clearly  that  the  external  features  of  the  earth's  surface  were  due  to  din 
external  action,  and  not  to  that  of  any  internal  force,  yet  such  is  tho  influencf 
early  training,  that  when  I  was  preparing  the  second  edition  of  this  work  1 « 
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roping  my  inij  to  «  proper  apptecUtion  of  the  difference  between  maxine 
tnoepheric  denndatiao.  I  was  suddenly  enlightened  about  the  time  of  its 
fttion,  in  the  year  1862»  by  arriTing  at  the  eolation  of  a  problem  that  had 
1  me  for  many  years.  Mamy  of  the  principal  rivers  of  the  sonth  of  Lreland, 
mming  for  n^les  over  low  plains  which  have  broad  sesrmaigins,  in  scTeral 
ons,  instead  of  issuing  oyer  those  open  spaces  to  the  ses»  go  out  of  their 
»  cot  through  hills,  sometimes  even  throogh  isolated  groups  of  hiUsy  that  are 
nded  by  the  low  lands.  Other  rivers,  after  running  for  many  miles  along 
isffked  valleys,  which  continue  with  straight  courses  right  out  to  the  see, 
i  of  following  down  those  valleys  suddenly  turn  at  right  sngles,  and  out,  hy 
cntively  deep  and  narrow  ravines,  through  the  hills  that  bouid  the  vaUeys, 
Msape  to  the  sea  in  that  direction. 

tiaoldezplanationof  these  facts  was,  that  these  ravines  through  the  hills  were 
i  opened  by  intenial  force^  but  this  was  in  reality  a  mere  hasty  guess,  and  no 
dplanation.  The  ravines  cut  through  the  hills  are  narrower  and  have 
to  lidee  than  the  valleys,  but  they  are  evidently  not  tiie  mouths  of  gaping 
^  Their  depth  is,  after  all,  insignificant  as  compared  with  their  width.  A 
^Wie  section  across  them,  drawn  on  the  true  scale^  shows  them  to  be  squarish 
ftf  srasion,  ending  suddenly  and  completely  downwards.  In  some  osses  the 
^Bn  be  traced  unto>ken  across  the  floors  of  these  ravines.  They  are  obviously 
(Ids  that  have  been  cut  out  of  the  rocks,  by  the  removal  of  the  parts  that 
Intervened  between  their  sides.  Even  in  mountain  glens  an  error  is  often 
<  hf  hasty  observers,  who  adduce  the  apparent  correspcmdence  in  the  curves  of 
(posite  sides  of  the  glen  as  proof  that  they  once  fitted  into  each  other,  and 
tile  rock  surfaces  now  exposed  actually  touched  each  other,  and  have  gaped 
Isr ;  while,  if  they  took  the  trouble  to  explore  the  floor  of  the  g^en,  they  would 
Ifaat^  whuever  the  rocks  can  be  seen,  unbroken  beds  stretch  across  it, 
^  out  from  beneath  the  base  of  one  cliif  and  passing  under  the  base  of  the 

•  The  surfKes  of  those  unbroken  roclu  on  the  floors  of  the  glens  have 
vdy  been  bared  by  denudation,  and  the  student  may  rely  that  this  is  true 
1  eases,  and  that,  except  perhaps  in  districts  recently  convulsed  by  very  bad 
qaakes,  there  is  no  such  thing  in  the  world,  certainly  not  in  the  British 
ii  or  Western  Europe,  as  a  glen,  ravine^  or  valley,  that  is  the  mouth  of  a 

•  which  has  gaped  open.  The  whole  space  between  the  sides  of  the  glens 
iiee  oeeupied  by  rock  that  has  been  carried  away. 

That  then  is  the  origin  of  these  gape  or  ravines  through  the  hills,  which  are 
lehcted  as  channels  by  the  rivers,  instead  of  the  seemingly  much  more  easy 
Mtoral  courses  offered  by  the  valleys  or  the  plains  t 

Im  stdution  of  the  problem  which  I  arrived  at  was  this,  that  the  rivers  for- 
r  nn  ujion  a  gently  undulating  surface,  which  was  considerably  above  that  of 
tment  vaUeys  and  low  lands ;  a  surface,  of  which  the  summits  of  the  existing 
poliaps  formed  a  part,  or  closely  approximated  to  it ;  and  that  the  rivers 
I  flrat  began  to  run  over  this  old  surface  have  continued  to  ran  on  it  daring 
^liole  of  that  wasting  action  of  erosion  which  has  worn  down  the  old  surface 
tike  present  one.  The  rivers  taking  directions  according  to  the  slopes  of  the 
aiiSiee^ut  channels,  which  in  many  cases  happened  to  ran  across  the  spaces 
ft  hiUs  were  subsequentiy  disclosed  by  the  removal  of  the  envelope  around 

•  ^t  as  the  waste  of  that  envelope  could  only  be  removed  by  the  rivers 
•dvee,  those  channels  must  always  have  been  deeper,  even  though  but  a  little 
Br,  than  the  level  of  the  surface  of  the  interior  plains  and  valleys. 

Mi^  tiMBf  shows  the  subaerial  character  of  the  whole  action.    Had  the  country 
httm.  ^qprassed  below  the  sea  during  'the  time,  and  any  erosion  of  the 
as  of  tiie  pUns  and  valleys  been  caus^  by  the  sea,  the  rivers  would  hardly 
ssgidned  their  old  channels  through  the  lulls,  on  the  Te-e\eva\ioTi  ol  \)ca 
kky  into  diyland.    It  can  be  abown  in  many  cases  that  If  a  daxEiot  li^V^V 
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mil«a  futh«r,  to  Uu  littta 
poqnin.  Then^  bomnr,  th» 
J  tana  at  right  uig\e»  to  ft* 

lUid  instead  of  foUoviog  thB 

id  HfatTallay,  which  continnsa  "■ 
A  th«  sea  at  Dungarvui  'Bajr, 
h  the  liigh  Und  of  tbo  Dmin 
nth  to  Youghal  Bay,  which  is, 
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Its  alope  would  probably  be 
Indicated  by  the  line  A  B  in 
'eams  running  down  this  slop* 
Dniting  about  the  ptirt  under 
1,.]^  Mo«  Ihat  towaiJa  the 
chaonel  haa  ever  since  been 
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r  to  the  west  of  it  The  old 
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]  pretty  equally  to  form  thia 
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ta  elevati<>n   into  dry  land,  a 


tho  river''  Wuuiii  be  pretty 
th  hinds  at  rock,  but  the 
nld  auffer  from  the  chemical 
le  rain  water  to  a  far  greater 
would  tbi'  ureuEccous  rocka. 
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clew  ipriDgB,  the  chemical  solution  and  the  Temoral  of  diadlved  matirriali  hog 
oeaselMS  and  nnivenaL  The  surface  over  the  limeetoiio  dlitricti  would  thenfon 
■ink  into  Talleys  and  plains,  while  that  oTer  the  hard  aandBtone  araaa,  being  onlj 
waited  mechanically,  would  resist  the  eroaion  longer,  and  stand  up  aa  hiUs  sad 
ridges.  Any  bands  of  soft  shales  and  clays  would  of  oourae  yield  mora  lapidliy 
than  the  sandstones,  or  perhaps  even  than  the  limestonea,  and  form  conespcnfiMg 
low  lands  and  valleys.  Still,  no  part  of  the  suifs^ce,  even  of  the  most  eso^ 
erodible  rock,  would  sink  lower  than  the  bed  of  the  channel  by  which  ahme  sB 
the  detritus  oould  be  carried  off  to  the  sea.  The  little  river  that  originally  m 
down  the  steepest  slope,  fh>m  the  highest  summit,  would  be  the  one  msrt 
likely  to  receive  the  greatest  rainfall,  and  would  certainly  have  the  most  n|id 
course.  It  would  therefore  cut  the  deepest  channel  through  the  rocka.  Rmoif 
across  the  strike  of  the  rocks,  it  must  run  across  the  hardest  aa  weU  aa  the  solM 
and  the  depth  to  which  it  could  cut  into  the  hardest  would  be  the  limit  of  dspft 
to  which  it  could  cut  even  the  most  erodible  bands  higher  up  the  stream.  Hmm 
erodible  bands,  however,  would  be  worn  down  laterally  on  each  aide  of  tibi 
river,  as  it  cut  across  them,  and  tributary  streams  would  thus  be  formed,  wUck 
would  in  time  wear  those  softer  bands  into  broad  and  open  valleys  wUb 
many  parts  of  the  original  river,  where  it  traversed  hard  rocks,  would  be  boidfred 
by  clifb  more  or  less  steep.  Glens  and  ravines,  often  encumbered  with  wateiftD^ 
therefore  frequently  characterise  the  upper  part  of  the  original  river  among  tbi 
siliceons  hills,  as  they  do  occasionally  all  streams  that  cut  across  the  strike  of  thi 
rocks,  while  the  longitudinal  valleys  formed  along  the  strike  of  the  softer  or  mon 
easily  wasted  bands  of  rock  are  open,  regular,  and  long,  according  to  the  eitot 
of  the  band  along  which  they  are  formed.  No  part  of  their  bottom,  however,  ctt 
be  worn  lower  than  the  bottom  of  the  channel  of  the  original  river  into  whict 
they  fall,  since  that  is  in  fact  the  channel  by  which  alone  their  water  and  its  ftdgU 
of  detritus  can  be  carried  off.  The  longitudinal  valley  may  even  be  won  bad 
across  the  courses  of  many  minor  transverse  streams,  and  deflect  their  waters  don 
its  course ;  still,  whatever  water  it  brings  to  the  original  main  channel  can  only  ad' 
to  its  power  below,  but  cannot  divert  its  course.  This  little  original  transverse  streia 
is  the  origin  of  the  whole  operation,  and  the  motive  power  which  sets  it  in  sctivV. 

When  the  stream  flowing  fh)m  B  to  A  in  Fig.  139  hadbegrun  to  cut  deeply  iit* 
the  rocks  below  that  line,  the  land  on  each  side  of  its  channel  was  always  btinf 
worn  down  by  the  rain  and  the  resulting  rills.  The  limestone  surface  sank  into 
valleys,  the  surface  of  the  sandstones  stood  up  as  hills.  A  tributary  stream  est 
back  along  the  trough  of  limestone,  under  C,  for  many  miles,  and  eventually  fonM^ 
the  river  Blackwater,  as  it  is  above  Cappoquin. 

To  whatever  extent  these  longitudiusl  valleys  might  proceed,  none  of  the  wiW 
coming  down  them  could  ever  cross  the  original  transverse  valley  that  wss  fon* 
by  the  little  primary  river.  The  Blackwater,  that  comes  into  this  primazyrinr^ 
CSappoquin,  has  never  crossed  it  to  continue  down  the  remainder  of  the  longitodivl 
valley  to  Dungar^'an  Bay,  and  could  never  do  so  unless  something  baj^ensi  ^ 
cut  a  channel  lower  down  that  remaining  part  of  the  valley,  deeper  thsa  A* 
channel  already  cut  down  to  Youghal  Bay. 

Wealden  Area. — The  wide  district,  in  the  south-east  of  England,  faMm* 
the  Weald,  offers  another  remarkable  illustration  of  the  power  of  subaerial  dfl** 
dation  to  carve  out  a  system  of  valleys.  The  whole  of  the  chalk  which  «** 
covered  that  area  has  been  removed,  and  its  escarpments  range  along  either  side  ■ 
the  broad  Weald,  somewhat  like  old  sea-difls — a  resemblanoe  which,  until  reoflDtf^ 
misled  geologists  into  the  belief  that  the  denudation  of  the  Wealden  area  had  bi* 
the  work  of  the  sea.* 


*  Bee  the  admirable  memoir  on  this  subject  by  Messrs.  Foster  and  TOpley,  Qwairt.  Jf^ 
0$oL  Sioc.  VOL  zzL ;  and  Professor  Ramsay's  PhvHeal  QtoL  md  Ckog.  c/BrU,  Idm, 
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BUna  and  IIomQ» — ^mmIwo  rtrtun*  fomlili  naurk 

ft  thair  JQDCtion  li  OoUestz,  thtj  tnTarsa  m  tftblo-luid  of  highl^-iacluied 
cabu  itnU,  lOOO  or  1200  f«et  abora  tlie  m*.  OriglnallT,  when  ther  began 
D«,  the;  mrond  from  nds  to  atds  orer  thti  platform  of  took,  mj  mack  M  ft 
r  Tiadi  to  aDd  &o  in  iti  allnnal  plain.  Th^  nrly  cniring  ooona  the;  ban 
iawd,  and  bave  giadnally  cut  it  dom  tbiongb  tlia  rock,  io  aa  to  fona  the  well- 
Ma  Mmer;  of  tbeas  atraama. 

neaniiion  of  tha  H oaaDe  raUe;  ii  p«rtica]aTl]r>fariUng.*  Tha  tabto-Iand  on 
■  iila  of  tb«  rirar  ia  fonowad  with  amnsraiia  nairow  raTinn,  with  ataap  aide^ 
K  «at  down,  aa  tha;  ntar  Um  Hcaallt^  to  deptha  of  000  cr  800  fast  below  the 
■ll  isrboa  of  tha  oountiT,  and  wind  throng  it  with  the  moat  ainoooa  cnrraa 
^aUe.  Tba  Koaalle  itaalf  woib  its  wa;  thnntgh  the  diatiict  b;  aa  eqnallj 
MMi  contH,  foming  loopa  which,  after  a  bend  of  aome  dIIbs,  oflen  eat  bad; 

>  Id  leiTi  bnt  ■  narrow  ridga  betwean  two  adjacent  reachea  of  the  rirar.  ma 
■larij  winding  ralle;  ia  Mh  nurow  and  deep,  being  doael;  enrinoad  on  all 

>  bTataapprecipitoDabaiika,800orl000rMtinheigbt,with&eqiugitljbaidlr 

>  mom  bc^aen  their  oppoeing  baaa  than  jnat  gnfScieat  for  the  river  ttaeU. 

>  dMT  that  nch  deep  winding  duunela  in  hard  rock  coold  not  h«*e  been 
*Mad  bf  the  wataie  of  the  aca,  or  bj  any  other  ocDcetrable  action  than  that 
■tv  raanlng  orer  di;  land,  and  deflected  hither  and  thither  aocoidlng  aa  it 
bnoed  aaida  by  meetiiig  with  ofaatadea  or  induced  b;  (*cUiti«a  to  iti  tmugt 


Fig.  UD. 
■  hia  been  produced,  in  conaeqnence  of  the  remoral  of  tha  rock  matked  bj 
iottod  linaa,  and  the  local  rirer  action  which  haa  cut  down  below  that  anr&ea 
'  to  form  the  ravinea  z,  y,  a.  The  letten  a,  e,  refer  to  volcanic  rocka  of  com- 
tfmly  recent  dale.1*  It  ia  obviona,  ^m  the  patchea  of  lava  now  found  in  the 
^  of  the  Talleja,  that  thoae  excavationa  were  Tcr;  moch  in  their  present  itate 
>  tka  volcanic  emptiona  took  place. 

Tall«]r*  tn  Clulk  and  Ziimeatone  Dlatrlota. — When  the  rocka  of  tXif 
bige.«iea  ue  of  a  kind  to  be  chemicallf  diisolved  and  remored  in 
■km,  the  excaration  of  TallejB  in  them  ia  conriderably  modified.  In 
a  the  hills  are  commonly  either  bare   or  but  acantilf 


Ue  Taller  waa  giTsn  in  the  laat  •ution,  p.  m. 
>eai  Baitrieh,  ncli  aa  tba  Mkenlei  and  the  yacbarhae,  ai 
at  aaUaet  apadmena,  of  TotcaDoea,  the  com 
-    '  I  dlamatai  at  tha  baae. 
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ooyeied  witih  son,  for  the  reason  already  anogned.*    Tliey  son 
show,  along  their  ridgee,  laxge  cavitieBy  cdled  popokilj  **  pimch-l 
sometiinee  eeTeial  hundred  yards  acroMy  and  Knnetimea  appeaiii 
winding  valleys,  dosed  at  both  ends.    Except  while  rain  is  a 
fidling,  vety  little  water  may  be  seen.    The  joints  of  the  lin 
being  gradually  widened  by  solution,  serve  as  channels  through 
the  rain  at  once  sinks  underground.     Part  of  the  water  rises  he 
there,  at  the  base  of  the  hills,  in  the  form  of  springe  ;  but  in 
cases  a  great  part  flows  along  in  subterranean  courses,  which  hai 
gradually  eaten  out  of  the  rock  by  the  solvent  power  of  the 
When  tiiese  courses  are  not  far  beneath  the  surface  their  roofs 
times  fedl  in,  and  there  is  then  the  ftingnUT  feature  of  holes 
ground  40  or  50  yards  wide,  and  60  or  100  feet  deep,  at  the 
of  which'  the  brawling  of  the  underground  river  may  be  heard, 
examples  of  this  kind  are  found  in  different  parts  of  the  greal 
stone  plains  of  Ireland.    **  Sometimes  the  roof  of  one  of  the 
ranean  river-courses  has  falleu  in  for  some  distance  along  the 
the  river,  so  as  to  form  a  narrow  rocky  valley,  from  a  hundred  y 
a  mile  or  two  in  length.     The  river  comes  from  under  the  lin 
mass  at  one  end,  and  runs  below  it  at  the  other,  the  rock  at  eit 
tremity  of  the  fallen-in  valley  rising  like  a  wall  along  the  face  o 
strong  joint.    In  the  country  above  and  below  one  of  these  exc&\ 
no  one  would  have  any  suspicion  of  the  course  or  even  of  the  ex 
of  the  subterranean  river."  f 

In  chalk  countries  the  combined  chemical  and  mechanical  ac 
running  water  produces  similar  effects,  with  this  difference,  that 
as  in  tracts  of  hard  limestone  the  bare  rocky  sides  of  the  valley 
far-stretching  lines  of  narrow  steps  and  terraces  formed  by  the  c 
of  the  successive  beds  of  rock,  in  districts  of  the  softer  chalk  the  t 
wastes  away  into  a  gently  undulating  verdurous  surface.  The  a 
of  running  streams  on  the  surface  of  the  coombs  and  valleys 
chalk  countries  is  no  proof  of  the  non-existence  of  those  strean 
only  of  their  subterranean  character.  There  must  be  as  great  i 
fall  on  a  chalk  country  {ceteris  paribus)  as  on  any  of  the  neig' 
ing  clay  or  sandstone  districts  ;  on  the  latter,  however,  the  eioi 
mainly  mechanical  and  superficial ;  in  the  former  most  of  it  is  ch( 
and  much  of  it  subterranean,  and  as  the  dissolved  mineral  ma 
diffused  through  the  whole  bulk  of  the  water,  it  is  carried  off  as 
by  the  water  which  rises  from  below  in  dear  springs,  as  in  that 
runs  down  the  surface  slopes. 

Caverns. — To  the  solvent  action  of  underground  water  are 
ascribed  the  caverns  which  are  found  in  all  large  limestone  di 
These,  like  the  well-known  Mammoth  caves  in  Kentucky,  som 

*  AmU,  p.  sn.  t  Jokei*  M& 
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:Tate  for  many  miles  in  numerous  branches,  and  come  from  still 
>T  but  unknown  distances,  the  fiEirther  progress  of  their  explorer 

often  arrested  by  imderground  rivers,  with  the  roof  of  the  cavern 
dmes  sinking  to  the  surfEice  of  the  water.  These  are  the  points 
s  the  subteiranean  streams  are  still  at  work,  the  dry  lofty  caverns 
;  the  channels  they  have  worn  and  deserted.     The  lower  parts 

of  these,  however,  are  in  many  cases  full  of  water,  espedally 
ig  great  floods,  which  ofteu,  as  they  subside,  leave  clay  sticking  to 
ndes  and  roofs  of  the  caverns.  Bones  of  land  animals  may  be 
Kt  from  the  surface  and  buried  in  the  loam  of  these  subterranean 
a.  The  parts  of  the  caverns  deserted  by  the  rivers  often  become 
fid  and  partially  filled  with  stalactite  and  stalagmite,  which  is  itself 
^ence  that  the  water  still  trickling  through  the  roof  of  the  cavern 
living  the  rocks  above  it. 

IPkMM  or  Gaps. — ^When  two  valleys  among  mountains  ascend  to- 
ll each  other,  there  is  usually  a  depression  in  the  ridge,  known  as 
'm  or  ffap.  The  origin  of  this  feature  is  probably  to  be  traced  to 
gradual  lowering,  by  subaerial  denudation,  of  an  original  depression 
lie  watershed,  and  to  the  manner  in  which  the  streams  flowing  off 
I  that  depression  would  cut  their  way  backward  into  it.  While 
general  degradation  of  the  mountains  was  lowering  the  whole  sur- 
and  advancing  more  rapidly  along  the  depressions,  the  two  streams 
t  eating  into  their  dividing  ridge  and  canying  away  its  detritus. 
ce  in  the  end  the  ridge  would  be  cut  through,  and,  though  the 
ms  would  never  unite,  their  valleys  might  do  so,  and  give  rise  to 
long  valley  rising  up  to  the  watershed  on  the  one  side,  and  descend- 
^m  it  on  the  other.  The  junction  of  the  two  valleys  would  then 
.  p€u$.  Subsequent  denudation,  more  especially  if  the  land  were 
Bleed  and  the  long  valley  became  a  sea-sound,  would  cut  down  still 
i  the  bottom  of  the  pass,  until  at  last  it  might  become  difficult  to 
precisely  where  the  original  dividing  ridge  between  the  two  valleys 
been.  Some  remarkable  examples  of  this  feature  occur  among  the 
ian  uplands  of  the  south  of  Scotland — ^a  region  which  has  suffered 
f^prolonged  denudations,  from  the  times  of  the  Old  Red  Sandstone 
iwards. 

riforda. — ^A  ijord  has  been  already  described  (p.  334)  as  a  submerged 
'Valley.  The  west  coasts  of  Scotland  and  Scandinavia  are  indented 
lany  such  inlets  ;  and  as  they  face  the  Atlantic  it  has  often  been 
lined  that  the  indentations  have  been  caused  by  the  breakers  of 
ocean.  When,  however,  we  reflect  that  the  l^ords  are  in  many 
I  of  great  depth,  and  that  the  action  of  breakers  is  confined  to 
iQiiace  parts  of  the  sea,  we  are  led  to  perceive  that  such  long  and 
)  hollows,  deeper  sometimes  than  the  sea  outside  of  them,  could  not 
I  been  dug  out  by  the  action  of  the  sea.     They  are  in  fact  old  land- 
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TiUeys,  canred  out,  like  oiher  valleysy  Vy  the  iction  of  lobterial  ibnei^ 
Init  which,  owing  to  the  depreseion  of  the  land,  hmve  mik  below  the 
eea  80  as  to  become  sea-lochs  or  Qoida.  lianj  of  them  woe  erne 
occupied  by  glaciers,  and  retain  to  this  day  the  ice-won.  wnrfaDea  which 
were  then  impressed  upon  them.* 

I«ake-baBin8« — ^A  lake  is  a  carity  on  the  surface  of  the  land  fiDed 
with  water.  When  we  reflect  on  the  uniyersal  waste  which  is  in  ptofcicM 
upon  that  surface,  and  on  the  tendency  of  all  running  water  not  to  fiom 
basins,  but  to  fiU  them  up,  we  seem  at  first  sight  to  meet  witli  sometfaiag 
exceptional  and  abnormal  in  the  existence  of  lakes.  Nor  is  the  difficnltf 
lessened  when  we  come  to  examine  the  nature  and  form  of  lake-beoBi 
a  little  more  in  detail  If,  however,  we  have  fully  realised  the  extait 
and  the  results  of  the  denudation  which  is  eyerywhere  going  on  an>niid 
us,  we  recognise  the  puerility  of  all  those  hypotheses  which  seek  to  refer 
the  origin  of  lak^-basins  to  primeval,  or  geologically  very  ancient  dis- 
turbances of  the  earth's  crust  For  it  is  evident  that,  whatever  may 
have  been  their  origin,  their  existence  cannot  but  be  of  oomparalinly 
modem  date.  We  see  that  the  streams  which  enter  them  push  yeaify 
increasing  deltas  into  the  water.  Every  lake  in  our  own  country  shorn 
this.  Many  alluvial  meadows  have  evidently  at  one  time  been  lakes; 
many  lakes  have  been  silted  up  within  the  memory  of  man,  many  are 
almost  diminiahiug  visibly  from  year  to  year.  The  rate  at  which  mud, 
sand,  and  silt,  are  poured  into  these  hollows  shows  that  the  hollowi 
cannot  be,  in  a  geological  sense,  very  old.  The  delta  of  the  Bhone,  for 
example,  has  crept  a  mile  and  a  half  into  the  lake  of  Geneva  in  aboii 
800  years.  Eight  centuries,  therefore,  must  represent  no  insignificsBt 
fraction  of  the  interval  which  has  elapsed  since  the  lake  first  began  to 
receive  the  detritus  of  the  river.  Had  the  basin  been  of  geologicBlly 
ancient  origin,  it  must  necessarily  have  been  long  ago  filled  up  witk 
sediment,  and  once  in  that  condition,  no  power  of  nmning  water  could 
re-excavate  it  so  as  to  turn  it  into  a  lake  again. 

It  is  a  singular  and  significant  fact,  first  pointed  out  by  Ttokmat 
Ramsay,  that  lakes  are  scattered  in  immense  numbers  over  the  moi* 
northern  portions  of  the  globe,  while  in  more  temperate  and  tropidi 
regions  they  are  in  comparison  rare.  These  millions  of  northern  Iskfr* 
basins  are  for  the  most  part  to  be  found  among  the  oldest  atratified 
formations,  in  which  no  trace  of  recent  volcanic  action  or  subterxaMtf 
movement  is  to  be  seen.  The  palsDozoic  rocks  are  crumpled  and  fica^ 
tured,  but  the  lakes  which  lie  in  them  caimot  be  assigned  to  the  eadtf 
fractures  and  convolutions  of  these  ancient  rocks,  for  the  aboiigiBil 
contour  of  the  surface  must  long  ago  have  been  worn  away,  and  ens* 
the  rock-basins  could  have  remained,  they  must  have  been  filled  up  viA 

*8eep.  884,  note,  and  the  aathoritles  there  eited ;  alto  Oeikie,oii  aCompaxtocm  of  0^ 
Gkdattoa  of  the  weet  of  Nonray  and  the  weet  of  Beotiand,  Proe.  Jby.  aot.  JMiii.'flor  Ull 
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dimenty  and  tlitu  have  ceased  to  hold  lakes.  Under  any  allowable 
q)lanation,  therefore,  the  facts  of  denudation  make  it  abundantly  clear 
lat  all  existing  lakes  must  have  been  formed  in  late  geological  periods ; 
» late,  indeed,  that  they  may  be  considered  as  almost  part  of  the  pre- 
»nt  epoch. 

When  we  come  to  examine  the  structure  of  the  lake-basins  themselves, 
part  firom  theory  as  to  their  origin,  we  find  most  of  them  to  be  in  reality 
ollows  worn  out  of  a  denuded  surface  of  rock — ^valleys,  whose  bottom 
\  below  the  level  of  their  lower  end.  Any  explanation  of  their  origin 
lust  take  into  account  the  following  facts  in  their  natural  history : — 

1.  Lakes  are  abundantly  scattered  over  the  more  northern  parts  of 

the  globe. 

2.  They  lie  in  hollows  of  extensively  denuded  rocks. 

3.  They  must  be  of  comparatively  recent  origin.* 

Lakes  may  be  grouped  into  two  classes: — 1st.  Those  which  are 
}rmed  by  biurriers  of  superficial  accumulations  ;  2d.  Those  which  lie 
1  rock-basins. 

I.  Lakes  dammed  up  by  Buperflcial  aooumulations.  These  may 
liginate  in  at  least  five  ways : — 

1.  Temporary  lakes  are  sometimes  formed  where  a  stream  has  its 
raters  ponded  back  by  the  gravel  thrown  down  at  its  mouth  by  the 
iver  of  which  it  is  a  tributary. 

2.  Landslips,  which  descend  in  such  mass  as  to  intercept  the  drainage 
rf  the  valleys  into  which  they  fall,  may  give  rise  to  lakes,  which,  uuless 
the  impediment  gives  way,  will  remain  until  they  are  filled  up  with 
sediment,  or  until  the  streams  which  escape  from  them  cut  their  way 
down  through  the  barrier  of  rubbish,  and  the  lakes  are  consequently 
drained. 

3.  The  moraine  of  a  glacier  is  sometimes  thrown  across  a  valley,  and 
on  the  retreat  of  the  ice  ponds  back  the  water,  so  as  to  form  a  lake. 
This  has  happened  not  unfrequently  with  terminal  moraines,  but  it  may 
occur  also  where  a  lateral  valley  enters  another  occupied  by  a  glacier, 
the  ice  or  its  moraine-rubbish  serving  as  a  dam  to  the  water. 

4.  Lregular  deposition  of  loose  or  detrital  materials  forms  hollows 
which  may  eventually  hold  lakes.  This  happens  (a)  among  moraine 
Ou>unds  ;  (6)  sometimes  among  hills  of  blown  sand  when  they  lie  on  an 
hnpervious  bottom  ;  (c)  among  the  clays,  sands,  and  gravels  of  what  is 
called  the  Glacial  Drift,  where  the  detritus  has  been  laid  down  both  on 
^d  and  on  the  sea-floor  in  such  an  irregular  manner  as  to  form  many 
follows  which  now  serve  as  lake-basins  ;  (cQ  volcanic  cones  thrown  up 
close  to  each  other  may  enclose  at  their  bases  hollows  which  will  hold 
^ater ;  (e)  volcanic  craters  may  be,  perhaps,  included  here :  in  some 

•  Trant.  Gtol.  Soc  Gkugow,  vol.  iii.  p.  180. 
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cases,  as  in  the  well-known  maare  of  the  Eifel,  thej  lieooiiie  likes  on 
the  extinction  of  volcanic-activity. 

6.  Eeference  may  also  be  made  here  to  the  fact,  that  a  stream  of 
lava  ponied  across  a  valley  may  foim  a  lake,  as  has  happened  at  the 
Lake  of  Aidat,  in  Auvergne,* 

n.  Iiakes  in  Book-basins. — These  are  by  mnch  the  most  abundant 
and  important  They  differ  from  those  just  described,  inasmuch  as  thej 
are  due  not  to  mere  superficial  accumulations  impeding  the  downwud 
flow  of  the  rainfall,  but  to  the  formation  of  actual  cavities  in  the  locki 
beneath  the  surface,  though  the  depth  of  water  in  them  may  no  doabt 
be  often  augmented  by  barriers  of  loose  detritus  placed  across  their  lower 
lip.  There  appear  to  be  three  processes  by  which  rock-basins  may  be 
produced : — Ist.  By  subterranean  movements ;  2d.  By  the  sinking  of  the 
ground,  owing  to  the  solution  and  removal  of  the  rocJu  undemeai^ ;  3d. 
By  the  erosive  action  of  glacier  ice. 

1.  From  what  has  already  been  said,  it  is  evident  that  if  rock- 
basins  are  due  in  any  case  to  the  effects  of  subterranean  movements, 
the  latter  must  have  been  of  late  date,  and  hence  that  no  appeal  can  be 
made  (as  is  often,  however,  done)  to  aboriginal  upheavals  and  fractures. 
It  is  conceivable  that  lakes  may  be  formed  by  subsidence,  either  (a) 
wide-spread,  or  (6)  locaL 

(a)  The  depression  of  a  chain  of  mountains,  imtil  the  upper  ends  of 
the  valleys  were  thus  sunk  beneath  the  level  of  the  lower  parts,  might 
turn  these  valleys  into  lakes.  Sir  Charles  Lyellt  proposed  this  expla- 
nation to  account  for  the  larger  lakes  of  the  Alps  ;  but,  as  Professor 
Ramsay  showed,  it  would  require  a  former  elevation  of  the  chain,  which 
is  incredible,  and  even  then  it  would  not  account  for  the  existence  of 
such  lakes  as  those  of  Geneva  or  NeufchateL  |  The  explanation  may 
in  some  cases  be  theoretically  possible,  but  it  does  not  seem  to  have 
been  verified  by  any  actual  case  in  nature. 

(6)  Some  lakes  may  have  been  formed  by  special  subsidence  of 
their  oym.  area.  This  is  perhaps  the  origin  of  the  great  equatorial 
lakes  of  Africa,  as  it  undoubtedly  is  of  the  Dead  Sea  and  other  areas 
of  inland  drainage.  This  explanation,  however,  is  one  which  it  is  often 
difficult  satisfactorily  to  establish,  and  it  is  certainly  in  most  cases  called 
in  only  because  no  other  seems  adequate  to  explain  the  phenomena. 
The  idea  that  lakes  are  formed  by  synclinal  troughs  of  the  strata,  or  by 
gaping  rents  in  the  eartVs  crust,  arises  from  inadequate  or  enoneom 
conceptions  of  geological  structure  and  denudation.  § 

2.  When  the  rocks  underneath  the  surface  are  of  a  kind  which  is 
easily  dissolved  and  removed  by  water,  subsidence  of  the  ground  some- 
times takes   place.      Clays  and  sandstones,  overlying  beds  of  rock- 

*  Scrope'B  Volcanoes  qf  Central  France,  2d  ed.  p.  02.  f  Elementi,  Oth  ed.  p.  170. 

t  Bamsay,  Phil  Mag.  April  1805.       f  Bee  Bamsay,  Quart  Joum,  G§oL  Soc  vol  jyOL  p.  lA 
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,  sometimea  rink  grednally  down  into  hollows  aa  the  salt  ig  t«moved 
Q  beneath  them.  In  luneatone  districts,  also,  this  action  is  to  be 
a  in  the  way  in  which,  when  the  roofs  of  the  lubtemneon  caverns 
in  and  the  ontlet  of  the  water  is  choked  ap,  lakes  are  fonned  on 
anriace.  Many  esamplea  occnr  "  on  the  lover  grounds  of  the 
My  of  Qalwsy  and  the  neighbooring  parta  of  Ireland,  where  they 
aJIed  '  turlonghs.'  Some  of  them  are  even  a  mile  or  two  in  lengUi, 
r  flat  bottoms  being  meadows  in  rammer  and  lakes  in  winter."* 
8.  The  idea  that  rock-baaina  have  been  scooped  ont  by  ice  was  fint 
bed  hy  Professor  Bamsay  in  the  jeax  ISftS,  and  has  since  then  been 
3ilj  gaining  gionnd  among  geologists,  t  He  pointed  ont  that  lakea 
■BOflt  nomerons  in  northern  latitadea  where  the  oonntiiea  afford 
iiiii  II  of  having  been  once  covered  thickly  with  ice,  and  that  they 
vue  in  unmbeTB  as  we  go  sonthwards,  away  from  the  ancient  ice- 
la.  He  showed,  moreover,  that  the  rock-basins  lie  in  denuded 
owm,  and  that  their  aides  and  bottom  are  often  covered  with  the 
neteristic  grooves  and  atrite  graven  on  the  rocks  by  the  ice.  Hence 
«  can  be  no  donbt  that  ice  once  filled  the  basins,  and  not  imly  so, 
moved  into  and  out  of  them.  But  this  could  not  take  place  with- 
CToaion  of  the  rock  ;  where  the  rocks  were  more  easily  worn  down, 
khere  the  preaaure  of  the  ice  was  greatest,  hollows  would  necessarily 
Innned  ;  and  on  the  retirement  of  the  ice,  these  hollows,  unless  pre- 
f  filled  up  with  sediment,  would  be  occapied  by  water  and  form 
The  size  and  depth  of  the  hollows  would  depend  npon  the 
g  resistance  offered  by  the  rocks,  the  size  and  slope  of  the  glacier, 
■  tte  form  of  the  ground.  The  lakes  of  the  Alps  lie  in  the  paths  of 
vgreat  glaciers,  and  this  is  true  also  of  the  lakes  of  Wales,  Cumbei- 
1,  Scotland,  and  Ireland.  In  Finland,  and  in  Canada,  where  the 
pi  oeeor  in  thousands,  the  wonderfully  ice-worn  aspect  of  the  surface 
'  n  that  these  r^ons  were  buried  under  a  great  sheet  of  ice,  like 
k  of  modem  Oreenlaud.  t 

iJbM  this  explanation  is  the  true  one  for  the  vast  majority  of  lakes 
Ai  northern  hemisphere  is  coming  to  be  gradually  perceived  even 
tbose  who  at  fiist  were  most  opposed  to  it.  When  we  accept  its 
■nee,  the  apparent  anomaly  of  the  existence  of  deep  hollows  on  a 
III  loiface,  nndeigoing  conftont  denudation,  b  removed.  For  we  see 
1^  in  place  of  being  abnormal,  these  hollows  are  themselves  but  proof 
•H  of  the  many  ways  in  which  the  land  is  worn  away.§ 

•  m.  ast*  bf  Mr.  Jnkt*. 

t  In  "  Tba  OU  (Midan  of  Wilu,"  In  Fmla,  Fauei,  and  Glaettrt,  lit  lerin,  pobllibcd 

(nudi  ta  m  Hpaimti  nA ;  ilio  hia  gnn  paper  "  Oa  the  OlKiiil  origbi  of  cirWin 

mtmtfriUaiMBA,^"  quart.  Jmr.  Otoi.  Sac.,  nUL  p.  IBS. 

I  an  anH,  p.  MM. 

I  Iksn  it  s  ntlHt  TOlmolODiu  UlentBn  an  Uiii  niltlect.    Tba  faw  loUawlDg  nfenncea 

iplda  ttaiHdnt  :-<L]  9»ip»rltn  af  at  Aconr  afuiKlirgnimd  mottmai  li .-— HocdilaoD, 
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>  that  pontioD  withoot  begiimiiig  to  mfier  from  mbaetial  denude- 
3.*  Hie  more  ancient  the  table-land,  the  mcne  would  it  he  denuded, 
dl  in  the  end  it  might  become  difficult,  if  not  impoagible,  to  mcog* 
9  Ok  tncea  of  the  odgiiial  plain,  the  whole  area  baviDg  be«n  wmr 
led  into  one  of  wide  TallsTB  and  deep  gorges,  with  loftj'  hills  and 
atit»in>  between  them.  Euanples  may  be  found  in  different  parti 
^  worid  of  the  Tarioua  stages  in  this  ptoceM  of  the  denudatioti  and 
3nal  destmction  of  the  chamcteriatic  features  of  a  table-land.  In 
■dinawia,  for  example,  the  great  mass  of  high  ground  which  runs 
Uward  along  the  whole  extent  of  Norway  is  an  ancient  tablS'land 
^«d  ont  of  highly-inclined  contorted  and  metamorphosed  poheoxae 
K&  But  enbaerial  denudation  has  been  at  work  upon  it  so  long, 
-  it  is  cut  up  in  all  directions  by  gleua  and  fjord*.  Tet  iaigo  bag- 
all  of  the  old  flat  surface  remain,  and  are  known  as  ^U,  as  in  the 
tknown  Dovre-Qeld,  and  in  those  which  serve  as  the  great  mow- 
Ma  from  which  the  Norwegian  glaciers  descend.  And  even  where 
gronnd  has  been  cat  up  most  into  Qords  and  valleys,  we  find  on 
ading  to  the  tops  of  the  intervening  ridges  that  the  summits  of  the 
■  nndnlate  np  to  the  same  average  level — that  level  representing 
Baximately  the  original  surface  of  the  table-land,  before  the  eicava- 
.  of  the  valleys  and  consequent  isolation  of  the  ridges  and  hills,  t 
Wtiea  and  in  Scotland  the  isame  average  height  among  the  Silurian 
'Irt-wi"*  is  found  associated  wilb  strips  and  fragments  of  the  old 
•-land  or  fjeld  ont  of  which  these  mountains  have  been  carved  X 

3.   MODKTAIHa  AND  HiT.TJt. 
I^perly  to  nnderBtand  the  history  of  the  origin  of  the  form  of  a 

or  moantain,  it  is  necessary  to  understand  first  of  all  the  geological 
Ktnre  of  the  eminence.  If  this  precaution  had  always  been  taken, 
litcratuie  of  geology  would  have  been  saved  from  much  profitless 
even  absurd  disqaiaitiDT).  It  is  not  enough,  however,  that  we 
nld  study  the  structure  of  the  rocks  ;  we  must  at  the  same  time 
«  ont  the  effects  of  denudation  upon  them.  Only  by  this  combined 
^  of  external  and  internal  features  can  we  hope,  with  any  approach 
Kitwnty,  to  unravel  the  often  complicated  hixtory  of  mountains. 

X«Iation  between  Estemal  Form  and  Internal  Btmature. — The 
'  that  mountains  are  frequently  found  to  be  formed  of  crystalline, 

thU  1^  of  eoaae.  If  Uis  eUTsted  irw  were  oae  aut^Jsct  to  the  Mtlon  of  nlo,  anoir, 

It  BMd  barillT  Ih  poiatcd  Ddt  thit,  u  nlnerlal  dannditloD  hu  tOKiei  tfas  topa  ot 
ifclSM  tad  Uu  nifua  of  the  Qaldi,  u  well  u  the  ildei  ud  botlom*  of  tb«  viUafi,  tba 
tlaf  bfU-topi  ud  tnemtatM  cf  tbs  old  pUten  cui  mdj  ^pnutmitelr  npnual  the 
loribeoMtAlk^lud. 

Bm  Banav'iftvi.  Umt.  frllL,  Itot  UL  i  ud  0«lUe^  Staitrt  of  StoiUMi,  «^v«.i. 
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the  strata  have  been  thrown,  the  depth  to  which  any  given  set  of  beds 
must  descend  into  the  earth  is  vastly  greater  than  the  height  which  the 
same  beds  ever  reach  above  the  sea-leveL*  There  can  be  no  reason 
for  this  difference  except  in  the  fact  that  in  the  downward  curves  the 
beds  remain  preserved  in  the  earth,  while  in  the  uplifted  parts  the 
rocks  have  been  brought  within  the  influences  of  denudation,  and 
hence  that  our  hills  and  mountains  are  but  the  ruined  fragments  of 
the  mass  of  rocks  which  once  existed.  The  following  illustration,  from. 
the  geology  of  Wales,  will  make  this  line  of  argument  clear. 

"  The  Silurian  rocks  of  Wales  have  been  thrown  into  great  folds,  which  can  be 
tnused  oat,  and  have  been  shown  in  the  maps  and  sections  of  the  Geological  Sur- 
vey. Their  nature  is  indicated  in  Fig.  141,  which  has  been  suggested  by  the 
Survey  sections,  t      The    summit    of 

Snowdon   rises   over  the   centre  of  a      *--.^^ 

synclinal     trough,     from    imdemeath  '*'-.. 

which  the  lower  beds  rise  steeply  all  '*.. 

the  way  to  the  Menai  Straits  and  into      --,. 

Anglesea.     The  peak  of  the  mountain,  ***-.^ 

therefore,  stands   in  the  centre  of  an 

area  of  comparative  depression,  while      . 

the  greatest  movement  of  elevation, 
that  which  has  brought  the  most 
deeply -seated  rocks  up  above  the  sea- 
level,  is  in  the  part  where  there  is 
comparatively  low  land  on  each  side 
of  the  Menai  Straits.  The  thickness 
of  rock  that  'takes  the  ground'  be- 
tween the  Menai  Straits  and  the  sum- 
mit of  Snowdon  amoimts  to  many 
thousands  of  feet,  and  all  that  thick- 
ness must  once  have  extended  across 
the  Menai  Straits  and  all  over  Angle- 
tea,  as  indicated  by  the  dotted  lines  in 
the  figure.  That  it  really  did  so  ex- 
tend is  proved  by  some  of  the  beds 
being  brought  in  here  and  there,  where- 
ever  there  occur  faults  with  sufficient  Fig.  141. 

downthrows,  or  troughs  with  sufficient    Diagram-section  from  Angleaea  to  Snowdon. 

eorratures,  to  bnng  them  m  below  the       t   ♦».•   w     o  *  o       ^        »#  *u 

,       ,    - .,  X     _/>        rxi.  J  IQ  tbis  Fig.  8  represents  Snowdon ;  M,  the 

l0T€loflhepresent8urfaceofthegTomi^  Menai  Straits ;  and  A.  Anglesea.  Th;  diwn- 
-Th««  statements  may  be  extended  ^^^  ^^^^  .^^.^^^  ^^^  ^^.^.^^  ^,  ^^  ^^ 
to  t^  whole  of  N  Wales,  from  under-  ^^^^  ^^^  p^^^^^t  surface  ;  the  upward  dotted 
Death  which  these  lowermost  rocks  nse  curves  show  the  former  extension  of  those 
in  several  detached  areas.  It  is  re-  removed  by  denudation. 
maikable  that  in  no  case  where  these 

ieeply-seated  rocks  are  raised  to  such  an  altitude  above  the  sea  is  the  surface  of 
the  ground  now  existing  over  them  higher  than  other  groimd  in  the  neighbourhood. 
This  shows  that  a  great  internal  movement  of  elevation  is  not  necessarily  marked 
by  correspondingly  high  ground.     It  is  equally  remarkable  that  all  the  highest 


*  See  Hopkins,  "Presidential  Address,*'  Q^^a'rt.  Joum.  Gtol.  Soc.,  ix.  p.  IxiiL 
t  See  Processor  Bamsay'B  "  Memoir  on  N.  Wales,"  Mem.  Geoloyical  SiMrve^)  no\,  Vii. 


B,  faritwi  aliiKMt. 
m^  a  «M  IfciiUli  I  <<  mA  tes'hoa  rawnad  ODce  tlK«e  idotci 
MHtbL  Ml  tttf  «a  BPWt  hatrarficw  an  tkt  nralt  irf  thai  deaudUxn. 
~nfcM|iiniil  ifci  1  !•>■■■  ■ill  llilllii  iiiliiiiil  I  I     f  Ii     • 

fcB«»*i^*»|  liili  af  iiwiMii.  vbOtOciw  tt  dtvadMitm  cranrraa 

i>»i*k  — A»BlWhUlM*|m^|ifrtfctff<al«piittaMBtyastrCTilorfM 
hM  tw^  tat  a*  I  —I  lyttMi  Unvl  ■H^IIU  is  gtOhg  on  ;  u^  it  cui  be  iM 
iftal  tW  vml  4idn^iaB»  ifltctBg  «k  ■wnflttm  cxurI  id  evt;  (Ktrf 
f«M^«rikn*M<*iMamBnaMi>]iBaiixappnct*Ueil«ene.  AlOtri 
Itak «i* aMli«M MM* mil,  <  tkst  br  te  the  gemta  pvt  of  Uib  dnmJUH 
It*  iMir  mete  is  UmV  af  i«*;  woiBt  eMta^iol  d«t«.  It  ii  rlcu.  (or  Ma 
UM  «»r  -4  tha  b*«t  racb  c<  N.-Ttli  U'lis  tihow  uUsl  Cunt>riiD)  hti  b 
tul  W«  bate*  tbi  Cktbuoilctuiu  tvcki  *cn  fonned.  Id  InLuul,  tlio,  ■■ 
ClrtHwtMC^  ri»«Bii«  ntfiBe  o>  Uw  CiEbrim  iwks  it  Tagtuuore,  and  tw 
l»«B<rf  WM«or>l:aJ  IW  LiOBtcr  snaite  v»  eiposBl  helon  that  ptriaHv 
n»n«l  of  ill  At  SOuiu  Atn  thEl  nsst  turn  ongiiuilly  ravmd  Jt.  ' 
iMrawt  <f  B«UB  1^  ilcBolOioa  vbki  toA  pbcc  itnring  t]ie  PiliEoEik  jd 
vw  fWKawwk  G<utiifiMs  a«  ijit  ioaMlinii.ii  ta  fiirgct  tli^  utd  to  uagn  iH 
ntalU  of  Ait  ipg^l  actka  la  toupinlini]:  recul  tiiiiei."  * 

WUfe  tke  grwt  fart  rauainit  that  the  present  surface  of  our  id> 
•ad  eontiiMats  b  a  Kntptuted  mu&w,  variuiiflT  can-ed  out  bf 
dmndiii):  tun^w,  <re  an  net  to  mppose  that  luidtrground  movoM 
ha*a  Il*l  IM  ittttoMiiv  n^ioii  ih«  ultinuit^  form  which  that  suite 
ftMUDcd.  Tlii  isflaewv,  boweTer,  muat,  it  ia  clear,  W  of  a  very  difa 
kind  fivtu  th«  indoeDre  popuUrly  attributed  to  these  moTemRiB 
nature  will  be  tnNt  uiultir$toud  if  we  daasifj  and  ilescriW  hill*  w 
ing  to  their  tuoie  of  ori^,  »»,  1st,  Hills  of  Accuiuul&tioii ;  id,l 
of  Uphenvnl ;  3d,  Uilb  of  QmuudeDudatioi).  ^^ 

1.  HiUi  of  Aooumolation. — Theite  bari*  Wen  fnnued  hj  the  ^ 
up  Df  tQati;riiil3  upou  the  £urfac«  of  the  giiMUid.  The  a^ent^  bv  >li 
sQi'h  hills  can  be  formed  arv  few  in  number,  and  coiis«!([t]'^t]f  Ae  U 
thi-maflres  form  but  a  lavre  &nction  of  the  t^ilal  ntunber  of  faiUe  a>' 
earth's  Aurfsi'e.  Hilld  of  aceumulatioD  are  the  only  hills 
form»],a8  5a(:h,with  an  apprcoiniutioa  to  their  [in»ent  outlines,  tW 
cTea  thej  oru  no  sooner  formed  than  they  begin  to  be  ilteni 
denudation.  The  most  important  are  TolcaooeA — conical  jiiles  d  i^ 
And  lava  poured  out  from  beneath,  and  risiDg  on  monntaiu-iJuioi ' 
heights  of  somettmea  20,000  feet  above  the  sea.     The  mmeal  (luj*' 
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mo  is  due  to  the  effonon  of  matexial  round  a  central  orifice,  an* 
3  and  height  to  the  qnantitj  of  material  which  has  been  thenct 
L*  Minor  hills  and  ridges  are  formed  by  the  actLoa  of  the  wino 
loose  drifting  sand^t  and  still  smaller  eminences  of  shingle  are 
imes  raised  by  the  breakers  along  a  coast-lineJt 
Hills  of  UphMTsL — ^All  diy  land  is  due  primarily  to  the  upheaval 
sea-bed.  Some  portions  have  been  raised  more  than  others.  Oat 
h  portions  most  of  the  mountain-chains  of  the  g^obe  have  been 
L  Bat  it  is  seldom,  if  ever,  that  the  inequalities  of  the  original 
e  of  apheaval  remain  as  the  inequalities  of  the  existing  land- 
e.  Even  where  a  mountain-slope  corresponds  ¥dth  tiie  exposed 
s  of  a  bed  of  rock,  it  can  almost  always  be  shown  that  this  sur£soe 
time  of  upheaval  was  covered  with  other  rock  now  removed, 
remarkable  examples  of  the  coincidence  of  lines  of  anticlinal  axis 
ines  of  elevated  ridges  occur  in  the  Jura.  The  drawings  usually 
of  that  structure,  however,  convey  an  erroneous  impression  that 
esent  contour  remains  very  much  as  it  was  left  by  the  subterranean 
lenta.  But  if  we  examine  the  ground  with  even  moderate  atten- 
'e  soon  find  proof  that,  though  it  is  there  undoubtedly  true  that 
ges  are  formed  of  anticlinal  and  the  valleys  of  synclinal  folds, 
as  yet  been  a  vast  deal  of  denudation  in  progress  over  the  sur- 
ce  the  date  of  the  contortions.    The  subjoined  figure  represents 

Fig.  14S. 

eetioB  of  aatieUnal  and  ■yncllnAl  folds  of  Upper,  Middle,  and  Lower  JoraBSio 
rocki,  forming  hiUa  and  Yalleya  in  the  Jura. 

ire  of  the  ground  in  the  neighbourhood  of  Miinster.     It  will 

at  although  the  anticlinal  ridges  form  hills,  and  the  synclinal 

I  rise  to  valleys,  yet  here,  as  in  more  complicated  structures, 

has  80  affected  the  general  surface  that  the  highest  beds  are 

e  valleys  and  the  lowest  on  the  hill-tops. 

iple  structure  of  the  Jura  Mountains  is  of  rare  occurrence  in 

lost  mountain-chains  consist  of  many  complicated  lines  of 

id  synclinal  folds,  broken  through  by  faults,  and  the  rocks 

\  merely  folded  but  violently  crumpled  and  metamorphosed. 

chain  may  be  composed  of  many  subordinate  ranges,  and 

leral  direction  of  the  folds  of  the  rocks  will  coincide  with 

lain,  there  may  be  endless  local  diversities  between  thenu 

ap.  XIX  p.  S4&.  t  See  ante,  p.  378.  t  See  amU,  p.  415. 

>f  eompariflon  the  somewhat  analogooa  atmctore  of  the  Appalachians,  as 
I  and  sections  of  Roger's  Penntylvanian  Surveff;  also  in  Keith  Johnston's 
I  fa  J.  P.  Leslie's  Coal  amd  U$  Topography, 
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The  coincideiice  is  more  asxially  to  be  obaezyed  in  the  greit  foldi.  The 
cmree  of  minor  flexure  may  eet  in  both  lengthwise  and  Itttaralljy  imee 
the  axis  over  which  the  greater  anticlinal  and  synclinal  corves  axe  bent| 
often  nndulates  eo  as  to  allow  anticlinal  and  synclinal  folds  to  pass  into 
each  other. 

Except  the  coincidence  in  general  linear  direction,  the  extenal 
features  have  no  necesaary  connection  with  the  internal  cures  of  the 
rocks.  A  chain  formed  of  several  parallel  ranges  may  have  only  one 
anticlinal  fold,  the  parallel  ranges  and  longitudinal  valleys  being  fanned 
on  the  outcrop  of  parallel  groups  of  beds  of  variable  rates  of  destmeti- 
bility.  A  chain  of  complicated  internal  structure  may  have  a  simple 
external  outline,  or  one  of  great  internal  simplicity  of  stractuxe  may 
have  a  most  broken  and  complicated  outline,  these  variations  being 
largely  due  to  the  varying  resistance  presented  by  the  different  rocks  to 
the  progress  of  denudation.  The  axis  of  a  synclinal  trougb  is  frequentlj 
marked  by  an  external  ridge  ;  while,  on  the  other  hand,  a  deep  valley 
runs  along  the  crest  of  an  anticlinal  saddle.  This  is  piecisely  the 
reverse  of  what  ought  to  be  the  contour  of  the  ground  if  the  latter  were 
due  directly  to  undergroimd  movements.  That  which,  in  geological 
structure,  should  be  a  mountain,  is  found  to  be  a  valley,  and  what  might 
be  expected  to  form  a  valley  rises  up  as  a  hill  or  mountain.  In 
endeavouring  to  account  for  this  feature,  we  may  suppose  that  in  some 
cases,  at  least,  there  was  an  actual  longitudinal  fracture  produced  by  the 
great  tension  of  the  rocks  along  the  crest  of  the  anticlinal  fold,  and  that 
this  fracture  was  subsequently  widened  by  denudation  into  a  valley.  It 
is  highly  probable,  however,  that  in  a  great  many  instances  the  foldi 
were  not  formed  suddenly,  but  very  slowly — ^so  slowly,  perhaps,  that 
the  tops  of  the  anticlinal  ridges  were  worn  down  by  denudation  as  fiuk 
as  they  rose,  more  especially  if  the  strata  first  removed  were  underlaid 
by  others  possessing  less  power  of  resistance.  It  is  evident,  also,  that 
the  strata  of  an  anticlinal  ridge,  sloping  with  its  slopes,  would  be  mnck 
more  likely  to  break  up  and  slip  down  the  incline  in  fragments  than 
where,  as  in  a  synclinal  trough,  they  dipped  inward  from  the  sui&oe 
and  presented  merely  their  edges  to  denudation.  The  tendency  of  rocb, 
curved  into  basins,  to  resist  denudation  better  than  in  anticlinal  cnrrea, 
and  thus  to  form  hills,  while  the  latter  sink  into  valleys,  may  be  recQ^ 
niBed  not  only  among  comparatively  little  disturbed  tertiary  and  second- 
ary formations,  but  even  among  contorted  and  metamorphosed  schists.* 

While  there  is  thus  no  general  coincidence  between  the  anticlinal 
and  synclinal  curves  and  the  surface-slopes,  there  is  equally  little 
between  the  contortions  of  the  rocks  and  the  ixregularities  of  the  sa^ 
face.  It  requires  only  a  moment's  reflection  to  perceive  that  the  meie 
existence  of  crumpled  and  contorted  rocks  at  the  surface  is  a  proof  of 
«  8m  Topltty,  GtoL  Mag.,  UL  p.  438,  and  the  ratboiitiea  dted  bj  him. 
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ormous  denudation,  and  consequently  of  the  disappearance  of  the 
Lginal  surface.  The  well-known  contortions  so  wonderfully  exhibited 
)ng  the  mountainous  sides  of  the  Lake  of  the  Four  Cantons,  while 
ey  afford  memorable  evidence  of  the  enormous  plication  of  the  rocks 
lich  attended  the  elevation  of  the  Alps,  show  also  that  the  present 
rface  of  the  mountains  has  only  been  attained  after  the  removal  of  an 
onnous  mass  of  rock  which  existed  when  the  rocks  were  contorted. 

In  hills  of  upheaval,  then,  we  must  regard  the  fanction  of  the 
iderground  forces  to  have  consisted  mainly  in  the  elevation  of  the 
ass  of  high  ground,  and  the  production  of  its  geological  structure, 
nple  or  complex  as  that  may  be.  The  subsequent  sculpturing  of  this 
ass  of  high  ground  into  peak  and  crest,  mountain  and  valley,  lake 
id  ravine,  has  been  the  work  of  denudation.     In  Fig.  143  a  section  is 


Fig.  143. 
Hills  of  QpbMTaL 

ven  across  a  supposed  mountain  range  formed  out  of  one  large  anti- 
inal  fold,  with  minor  curves  along  its  crest  In  this  illustration  we 
«  that,  as  before,  the  lowest  beds  which  come  to  the  surface  are  those 
I  the  hill-tops,  while  the  beds  which  are  highest  in  geological  position 
e  at  the  lowest  levels,  and  slope  away  from  the  range  to  the  plains 
elow.  This  is,  in  a  general  way,  the  structure  of  most  great  mountain- 
lains,  and  it  shows  how  the  underground  and  surface  agencies  combine 
>  produce  some  of  the  most  marked  features  on  the  surfEu^  of  the  globe. 
The  elevation  of  a  mountain-chain  has  sometimes  taken  place  not 
1  one  continuous  movement,  but  at  intervals.  This  is  shown  by  the 
Qccessive  unconformable  junctions  of  the  rocks  of  which  it  is  composed, 
^m  these  jimctions,  too,  we  learn  that  the  intervals  were  employed 
Q  the  denudation  of  the  previously-tilted  rocks,  and  the  formation  of 
lew  rocks  out  of  their  debris.     In  Fig.  144,  for  example,  the  central 


A 

Fig.  144. 
SMtion  <^  a  mountain-chain,  indicating  three  periods  of  upbeaTal. 

?ioup  (A)  of  crumpled  metamorphosed  rocks  and  granite  was  upheaved 
^  denndfid  before  the  deposition  of  the  series  B ;  the  latter  wa&  \^\^^ 
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and  worn  sway  before  the  third  group  (C)  wm  laid  down,  while  thit 
groap  has  in  tnm  been  elevated  and  denuded.  In  this  duum,  theraioR, 
we  haye  evidence  of  three  saccetrive  movementi^  and  of  a  Vang  pseeeM 
of  denudation  which  has  been  going  on  ever  since  the  fint  zidge  d  the 
range  rose  above  the  sea. 

The  occurrence  of  igneous  rock  among  the  uptilted  aqneoos  omi 
will  of  course  produce  its  effect  on  the  form  of  the  sur&oe  over  it,  bol 
it  is  an  indirect  effect,  due  to  the  difference  of  denuding  action  upon 
rocks  of  different  composition  and  structure.  If  the  igneous  rock  x«Mt 
that  action  better  than  the  surrounding  aqueous  xocka,  it  wiU  stand 
out  prominently  above  the  surrounding  surface ;  if  it  yield  more  readily, 
it  will  form  a  flat  or  a  hollow.  The  igneous  rocks  which  occur  in  ths 
central  parts  of  mountain-chains  are  usually  associated  witli  evidmeei 
of  great  contortion  and  metamorphism.  They  must  be  regarded  as  of 
deep-seated  origin,  and  their  presence  now  at  the  surfiEice  must  be  held 
to  be  additional  evidence  of  the  great  denudation  of  the  mountain- 
ranges  in  which  they  are  found. 

The  occurrence  of  ancient  volcanic  rocks  in  a  mountain  or  chain 
may  produce  considerable  diversity  of  external  form.  This  never 
arises,  however,  from  the  original  superficial  contour  which  these  rocks 
assumed  at  the  time  of  ejection,  but  in  all  cases  is  the  result  of  denu- 
dation. The  volcanic  rocks  imbedded  among  the  other  geological 
formations  have  shared  in  all  the  foldings  and  fractures  which  theK 
formations  have  suffered  ;  and  if  they  now  rise  into  bold  crags  snd 
mountains,  it  is  because  their  compact  texture  has  enabled  them  bettff 
to  withstand  the  attacks  of  the  denuding  forces  which  have  worn  awtj 
the  other  and  softer  rocks. 

Where  modem  volcanic  rocks  occur  in  a  mountain-chain,  as  in  the 
Andes,  they  give  rise  to  the  characteristic  forms  of  hills  of  accusuili' 
tion.  £ut  they  are  at  once  attacked  by  the  denuding  agents,  and 
unless  from  time  to  time  renewed  by  the  ejection  of  £resh  volcsnk 
materials,  they  come  in  the  end  to  be  unequally  worn  away,  aocordiDg 
to  their  varying  powers  of  resistance,  just  as  all  other  rocks  do. 

8.  Hills  of  Ciroumdenudation. — ^While  the  class  of  hills  just  de- 
scribed owes  its  mass  and  linear  direction  to  the  upheaval  of  a  strip  <i 
the  earth's  crust,  there  is  another  class  in  which  the  mass  and  diiectict 
have  been  determined  by  surface  action.  These  may  be  termed  Hilk  ^^_ 
of  Circumdenudation.*  They  are  fragments  which  have  been  left  is 
the  denudation  of  a  mass  of  high  ground.  Between  this  form  of  biH 
and  table-lands,  there  is  the  closest  connection.  When  a  table-liD^ 
begins  to  be  furrowed  by  streams,  and  gradually  carved  out  into  vallcf- 
systems,  the  spaces  of  higher  ground  between  the  valleys  rise  up  si 
hills  of  circumdenudation.  The  denudation  may  go  on  until  the  fonB 
*  Thii  term  wm  uied  by  Mr.  Jokes  In  the  prerioas  edition  of  tbii  Wotk. 
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lal  table-land  is  lost,  and  in  its  stead  there  appears  a 
^sterns  of  valleys,  with  wavy,  irregular  mountam-ridges 
1. 

rolonged  process  of  denudation  the  influence  of  the  geolo- 
re  of  the  rocks  is  not  unimportant.  While  the  harder 
Iways  tend  to  form  hills,  and  the  softer  rocks  are  worn 
the  position  of  anticlinal  and  synclinal  curves,  alternations 
composed  strata,  faults,  and  ol^er  features,  may  serve  to 
irse  of  the  denuding  agents. 

)le8t  form  of  a  hill  of  this  kind  is  furnished  to  us  by  one 
*s  80  abundant  along  the  edge  or  escarpment  of  the  second- 
England.  In  Fig.  134,  p.  439,  the  outlier  B  is  a  hiU  of 
ation  formed  by  the  destruction  of  the  table-land,  which 
or  escarpment  at  A.  The  strata  may  either  be  very  gently 
n  that  figure,  or  they  may  be  quite  horizontal  or  curved, 
45.     When,  however,  we  come  to  examine  some  of  the 


Fig.  145. 
8  of  circumdenudation,  formed  of  horizontal  and  curved  strata. 

e-lands  of  palaeozoic  rocks,  we  find  the  strata  composing 
dolently  contorted,  and  often  quite  vertical  (Fig.  146).     In 


Pig.  146. 
rcamdenudation  and  fhigment  of  table-land,  fonned  of  contorted  and 

foliated  rocks. 

for  example,  the  rocks  are  of  this  kind,  and  the  table-land 
bem  has  been  deeply  trenched  by  valleys  and  ijords,  and 

branching  ridges  of  denuded  mountains.  In  Wales,  the 
y,  and  in  the  Southern  Uplands  and  the  Highlands  of 

see  other  illustrations  of  ancient  plains  or  table-lands  of 
ilaeozoic  rocks,  which  have  been  so  sculptured  by  the 
of  their  valley-systems  as  to  be  turned  into  connected 
Lis  and  ridges  of  circumdenudation. 

B  of  the  "Weathering  of  Books  upon  Mountain  Outlines. 
2  external  forms  of  hills  are  often  largely  determined  Vj 
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geological  stractore,  the  variotioiis  in  the  modes  of  weithering  of  the 
rocks  give  lise  to  endless  diversities  of  minor  features.  Each  vcQ- 
marked  variety  of  rock  has  its  own  style  of  weatherings  and  oome- 
quently  its  characteristic  scenery.  Those  rocks  which  oocnr  in  thick 
horizontal  or  gently-inclined  beds,  such  for  example  as  limestoneii 
sandstones,  and  some  forms  of  trappean  rocks,  often  form  tenaoed  hilli^ 
the  terraces  being  due  to  the  edges  or  outcrops  of  the  sacceaBiye  bedi. 
A  thick  bed  or  series  of  beds,  of  comparatively  hard  rock,  resting  vpcm 
softer  strata,  gives  rise  to  an  escarpment  Unstratified  rocksy  with  no 
very  definite  divisional  planes,  form  conical  mountains,  as  is  the  caae 
with  many  porphyries.  Bocks  which  weather  rapidly  along  the  joiiiii 
and  outer  surface,  as  granite  so  frequently  does,  give  rise  to  ten,  pin- 
nacles, and  rocking-stones.  lines  of  bedding,  cleavage,  or  fdiation, 
among  hard  altered  strata,  are  often  revealed  by  the  seriated  ouflins 
which  they  produce  along  the  bare  crests  of  the  ridges  and  peaks.* 

Origin  of  Bscarpments. — An  escarpment  is  a  cliff  or  predpiftoot 
bank  formed  by  the  outcrop  of  a  bed  or  series  of  beds  of  harder  ccm- 
sistency  than  those  on  which  they  rest  It  only  occurs  where  the 
strata  are  not  steeply  inclined,  or  are  horizontaL  When  the  indinatzoa 
rises  to  a  high  angle,  the  outcrop  of  the  harder  beds  may  form  a  ridge 
at  the  surface,  but  not  an  escarpment  The  reason  of  this  appears  to 
be  that  the  escarpment-face  tends  to  coincide  with  the  lar;^  joints, 
and  thus  to  rise  at  a  right  angle  to  the  dip  If  the  wasting  of  die 
rock  were  uniform  over  its  exposed  surface,  and  if  the  weathered 
portion  were  removed  as  soon  as  detached,  the  escarpment  would  be 
perpendicular  to  the  plane  of  dip.  If  in  this  case  the  beds  were  hori- 
zontal, the  escarpment  would  of  course  be  vertical ;  if  they  dipped  it 
10^  the  face  of  the  escarpment  would  measure  80°;  at  a  dip  of  20^ 
the  cliff  would  rise  at  an  angle  of  70^  So  that  the  farther  the  dip  of 
the  strata  deviated  from  the  horizontal,  the  farther  would  the  fietce  of 
the  escarpment  depart  from  verticality.  But  in  actual  fact  we  seldom 
find  this  ratio  to  hold  very  strictly,  for  the  upper  parts  of  the  clift 
being  exposed  both  above  and  on  their  steep  face  to  denudation,  aie 
worn  away  faster  than  the  lower  parts,  while  these  are  further  protected 
by  the  ruins  of  the  cliff  gathering  over  them.  Hence  escarpments  are 
usually  blunted,  and  not  so  steep  as  we  might  at  first  expect  them  to 
be.  The  steepest  are  those  which  are  formed  by  the  outcrop  of  hori- 
zontal beds,  where  the  detritus  which  falls  from  the  cliffs  is  rapidly 
disintegrated  and  removed. 

Escarpments,  depending  as  they  do  on  the  outcrops  of  strata,  foUov 
the  course  of  these  outcrops,  and  wind  about  with  them.     They  thitf 

*  See  Mr.  Riukin's  Modem  Painters,  voL  iy.,  for  eloqnent  disquhdtions  on  moantatB- 
form  and  moantain-tiractnre.    The  student  may  also  be  referred  to  tlie  Editor's  Soaum  <i 
I  Seciland,  chap.  viii. 
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often  resemble  long  lines  of  old  sea-cliff,  and  their  trend  inland  has 
frequently  been  described  as  that  of  ancient  sea-margins.  But  though 
there  is  a  general  resemblance  to  sea-clif»,  it  disappears  on  closer 
examination.  An  escarpment  keeps  to  the  outcrop  of  the  bed  or  beds 
of  which  it  is  formed,  while  a  sea-cliff  does  so  only  now  and  then,  when 
the  outcrop  happens  to  come  to  the  shore.  A  sea-cliff  has  its  base  at 
an  uniform  height,  corresponding  to  the  limit  of  breaker-action,  while 
an  escarpment  rises  and  falls  with  the  change  of  dip  of  its  component 
strata,  sometimes  rising  continuously  for  a  long  way,  tilL  its  base  at 
one  part  attains  a  much  higher  level  than  its  summit  at  another. 
These  and  other  differences  serve  to  indicate  that  escarpments  are  not 
of  marine  origin,  but  due  to  subaerial  denudation.  The  cliff  exists 
because  the  rock  of  which  it  is  composed  is  harder  than  the  rocks 
below  it ;  and  we  see  it  worn  away  still  by  the  same  agency.  Springs 
aud  frosts  split  up  the  rock  or  loosen  it,  and  allow  it  to  be  washed 
iway  by  rain.  Every  fresh  removal  allows  a  fresh  surface  to  be 
ixpoeedy  and  as  the  detritus,  after  protecting  the  base  of  the  escarpment 
br  a  while,  is  eventually  removed,  slice  after  slice  is  cut  away  from 
he  outcrop  of  the  bed,  and  the  escarpment  recedes  across  the  country. 
The  process  will  continue  as  long  as  the  harder  bed  remains  above  the 
ea-levely  or  until,  in  the  course  of  the  recession  of  the  cliff,  some  fault 
)  reached  by  which  the  harder  bed  has  been  depressed  beneath  the 
nrface,  or  elevated  so  as  to  have  been  removed  by  an  earlier  denuda- 


on. 


Sec  Topley,  Gtol.  Mag.  voL  iii.  p.  436 ;  and  Whitaker,  Op.  cU.  voL  iy.  p.  490. 
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CHAPTER   XXVIL 

ZOOLOGY  AND  BOTANY. 

Vfttnre  of  PossIIb. — ^PalsBontology  *  is  the  Btadj  of  ^foenla"  Thit  J 
old  geologistB  used  to  include  mineralB  or  any  other  distinct  bodies 
that  were  found  in  rocks  nnder  the  term  ''fossils."  By  ''a  fossil,*  hov- 
ever,  is  now  meant  the  body,  or  any  portion  of  the  body,  of  an  snimal 
or  plant  buried  in  the  earth  by  natural  causes,  or  any  recognissUe 
impression  or  trace  of  such  a  body  or  part  of  a  body.  "  Fossils,**  then, 
are  ** organic  remains,"  including  under  the  word  "remains"  evoi 
footprints,  or  other  such  seemingly  transient  impressions,  which  ci^ 
cumiBtances  have  rendered  permanent.  MM.  D'Orbigny  and  Picte* 
introduce  into  their  definitions  of  the  word  "  fossil "  the  time  when 
and  the  circumstances  under  which  this  burial  took  place.  It  appein 
to  me  that  this  is  not  necessary.  Nobody  would  say  that  shells  lately 
thrown  up  on  the  beach,  and  covered  with  sand,  were  buried  in  tht 
earth,  while  every  accumulation  of  shells,  or  bones,  or  plants,  wbict 
could  be  said  to  be  buried  in  the  earth  by  any  other  than  human  agencTj 
even  if  that  burial  took  place  last  year,  would  be  well  worthy  of  the 
attention  of  the  Palaeontologist,  and  might  be,  without  impropriety, 
spoken  of  as  fossil.  Here,  as  elsewhere,  no  hard  line  can  be  drawn 
between  the  present  and  the  past  All  such  terms,  then,  as  inb-jMi 
which  we  sometimes  meet  with,  are  inconvenient  and  imnecessaiy. 

Neither  should  we  include,  in  a  definition  of  a  "  fossil,"  any  refer 
ence  to  its  present  state.  Some  fossil  shells  found  in  comparatively  oU 
rocks,  such  as  the  soft  compact  days  of  the  Oolitic  series,  are  in  (m^ 
less  altered  from  their  living  state  than  many  shells  included  in  recent 
coral  reeft.  Wood  again  may  be  found  in  such  rocks  still  soft  and  bn* 
little  altered,  while  in  much  more  recent  formations  it  is  often  entirely 
mineralised,  and  converted  either  into  coal  or  flint,  or  sometimes  hme- 
stone. 

*  From  ToXaiSi,  palaioSf  ancient;  ovra,  (mta,  beings;  \oyos,  logos,  «  diteoone:  * 
disconrae  aboat  ancient  beings. 
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Any  Bubstancee  firmlj  buried  in  day,  not  impregnated  by  any 
ive  mineralising  ageut^  and  not  admitting  the  passage  of  air  or 
ter,  may  remain  unaltered  for  an  almost  indefinite  period.  In  the 
jority  of  instances,  however,  the  enclosing  rock  has  either  itself  con- 
ned some  active  substance,  or  has  given  passage  to  water  containing 
) ;  or  again,  the  constituents  of  the  enclosed  body  itself  have  acted 
each  other,  or  on  those  of  the  surrounding  rock,  and  thus  the  fossil 

become  more  or  less  mineralised,  or  petrijied  as  it  is  called.  We 
e  seen  previously  *  that  rocks  themselves  undergo  great  alteration 
heir  internal  structure  in  the  course  of  time,  and  that  minerals  are 
iged  or  metamorphosed  in  situ  horn  one  into  another  by  the  gradual 
m  of  chemical  forces.  Fragments  of  animals  and  plants,  dead,  and 
efore  subject  to  the  mineral  laws,  as  they  might  be  called,  and  not 
be  laws  of  life,  must  of  course  be  subject  to  the  same  actions  as  the 
exal  constituents  of  rocks. 

The  bard  parts  of  animals,  such  as  bones,  shells,  crusts,  and  corals, 
composed  principally  of  those  mineral  substances  (salts  of  lime,  etc), 
A  are  most  easily  acted  on  by  the  most  frequently  occurring 
loical  processes.  In  breaking  open  fragments  of  coral  lying  on  a 
il  reef^  the  internal  parts  are  very  frequently  found  to  be  filled  with 
iasB  of  crystalline  carbonate  of  lime,  obliterating  or  obscuring  the 
•nic  structure.  A  recently-raised  coral  reef,  com|X)sed  wholly  of 
K&ic  fragments,  often  shows  to  a  cursory  view  no  more  trace  of  its 
Mnie  origin  than  one  of  our  crystalline  limestones  of  great  geological 
Sl^aity.t  When  shells  or  corals  are  imbedded  in  any  rock  perco- 
^  by  water,  it  is  almost  impossible  for  them  to  escape  that  partial 
taingement  of  their  particles  which  gives  them  an  internal  crystal- 
9  itnicture.  The  alteration  may  go  on  until  every  original  particle 
^  lieen  replaced  by  another,  what  was  once  carbonate  or  phosphate 
Sme  being  in  the  end  replaced  by  silica,  pyrites,  or  some  other 

Still,  as  this  conversion  is  a  molecular  one,  taking  place  only  in 
ultimate  particles  of  the  substances,  the  organic  structure  is  often 
leetly  preserved  during  petrifaction,  the  little  internal  pores  or  cells 
lining  their  form  so  completely  as  to  be  recognised  by  the  micro- 
1^  It  is  as  if  a  house  were  gradually  rebuilt,  brick  by  brick,  or 
le  by  stone,  a  brick  or  a  stone  of  a  diiferent  kind  having  been  sub- 
Htod  for  each  of  the  former  ones,  while  the  shape  and  size  of  the 
Me,  the  form  and  arrangement  of  its  rooms,  passages,  and  closets, 
i  even  the  number  and  shape  of  the  bricks  and  stones,  remained 
Jtered.  The  hollow  spaces,  however,  in  the  interior  of  a  fossil,  are 
ally  filled  up  either  by  the  substance  of  the  rock  in  which  it  lies, 
ich  has  gained  access  to  the  interior  through  natural  openings  or 

*  Bif»  MO  iC  wg.  t  See  anUf  p.  888.  %  See  ante,  p.  861. 


t  tr  ^»  hf  erjrvtonine  minenb,  the  diooItrJ  r»  I 

1   throogfa    the  pona  d  the  niil 
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7  drtinet,  aad  on  be  conpletffy 
■itfs  W  nek  ia  vkidi  il  b  eadoeni  Sco)etiniei,Ml 
L  ft  ii  «•  iMnuirlj  imital  wilh  tbe  matrix,  and  w  ' ' 
■likaM  ^  tW  Rn^  t]ai  wc  can  (ml.r  obeerre  a  Kctkat 
Mik  ■  Infc^  ■P*B-  8»i«t*i»ei  llw  butOutd  eaiba< 
It  tile  tbraetan  v 
■  the  K>ck  ha»  ta  be  ml 
iImm  m  tki«  w  t»  b«  nawfwmt  bdon  the  micmscopicol 
aMk  W  ^t&fi  to  tk». 

MtoM*ala«iaa  Kurti— wiili. — It  is  obnona  that  ve 
«M*  ki0«tfi^  «<  UMliig  aaniwh  ind  fdauts,  in  ond^ 
—  JLgHfl  dK  facti  at  palBHtlak^.     Pooil  ammab  and  pbnB  ■ 
tftW  «<  tlar  ■■»>  ifcciM  >s  these  now  liring,  or  of  diiTeinit !] 
Ir  ««i(r  lo  anfifrt>ia  «)udt  at  thete  u  tme,  ve  mutt  neoenanlj 
t^  trhBK  ^vo(8  wImb  ««  we  then.     Whether  the  specie*  of  : 
W  liTntf  «w  txtact,  >■  oriler  to  dmr  an;  aatdttsions  respectiiig  ih 
M  l»  llw  fiaM  what*  Iher  hjvd,  for  inOaBtC^  and  the  cireiutiiBa 
wmia  «hkk  tlwr  wn*  baiirMd,  v«  oogkt  to  ksow  th«  hahiti  of  < 
Ihm^  lyww  «iA  «Ui^  ibrv  an  identkal,  or  to  which  theyaRa 
MHlraUM. 

Ko  Mm  eaa  brtti^  a  [ulxonloli^jt  who  is  not  >Ia>  ■  t 
^MtapM  or  kAaaiil'  :  u>l  no  nun  fan  becvme  a  tlunnigli  ■ 
mh»  has  mat  had  thai  cutj  traicisg  in  aaatomj  whkji  naoall? 
lb»  he  of  the  neifieal  gtodest  mIv.  To  beeoote  a  tbotm^  p 
lojjtA.  a  1MBB  Aa«ld  hftT«  wltat  a  eaUed  a  Bcdieal  edneatim. 
H  qmir  poesiMe,  rrtu  wtthoM  this  traiai^,  to  mait^  at  ka 

h  ef  the  *nbfecL  For  the  poiyjatj  of  ^«olopcJ  # 
int  lit  at^miBtancc  with  palKcntolo^,  and  ihsril 
«ith  aoolog;-  and  faotaaj,  i»  DMded.  In  the  Appendix  to  the  jW 
nhne  the  rtudent  will  find  a  srHaa^i&e  aniTuriwiil  of  the  aB* 
'  'le  kjnpkuf  :  aibd  in  thu  and  the  foUowing  CbufbrwM 
m  arc  o&^ed  for  his  gciduKC  in    ' 
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qoainted  with  the  fietct  that  the  individuals  of  the  different  species  of 
animals  and  plants  are  not  indiscriminately  scattered  about  the  earth. 
Palm-trees,  bananas,  and  pine-apples,  do  not  grow  in  the  open  air  in 
temperate  zones  ;  nor  apples,  barley,  or  potatoes,  on  the  low  lands  of 
the  tropics.  The  polar  bear  and  the  lion,  the  reindeer  and  the  camel, 
the  musk-ox  and  the  giraffe,  do  not  inhabit  the  same  regions.  If  we 
ask  why  these  different  species  do  not  live  beyond  certain  limits,  we 
learn  that  a  climate  different  from  that  in  which  they  now  live  wovld  not 
he  suitable  to  them.  We  arrive  then,  first  of  all,  at  the  conclusion  that 
the  limitation  of  species  depends  upon  variations  in  climate ;  that  is  to 
BSLjy  upon  the  physical  conditions  of  different  regions. 

This  restriction  of  certain  species  to  particular  areas,  by  the  action 

of  surrounding  circumstances,  however,  gives  us  no  explanation  of  a 

still  more  remarkable  phenomenon  in  the  distribution  of  species,  which 

18,  that  in  different  parts  of  the  earth  which  have  climates  essentially 

alike,  the  species  of  animals  and  plants  are  often  very  different    There 

la,  for  instance,  a  much  greater  difference  in  the  species  of  animals  and 

plants  native  to  the  borders  of  Europe  and  Asia,  and  those  living  in 

corresponding  latitudes  in  the  centre  of  North  America,  than  there  is 

between  the  climates  of  the  two  regions.     In  like  manner,  the  animals 

and  plants  native  to  South  America,  South  Africa,  and  Australia,  differ 

far  more  from  each  other  than  do  the  climates  of  those  countries.     We 

may  speak  of  this  distribution  of  species  as  the  result  of  sporadic  (or 

scattered)  origin.     It  will  be  necessary  to  devote  a  little  space  to  the 

examination  of  the  principal  facts  connected  with  these  two  kinds  of 

diBtribution. 

X«and  and  Ocean  Climates. — K  we  ascended  from  the  level  of  the 
•ea  near  the  equator,  up  the  sides  of  a  lofty  mountain  to  the  regions  of 
perpetual  snow,  we  should  pass  in  a  few  miles  through  the  same  varia- 
tions in  climate  as  if  we  travelled  along  the  sea-level  to  the  arctic  or 
antarctic  circles.  The  variation  in  the  species  of  animals  and  plants 
irould  also  be  similar  in  the  two  journeys.  The  difference,  indeed, 
ironld  be  chiefly  in  the  rate  of  change — hundreds  of  feet  vertically,  pro- 
ducing an  effect  equal  to  that  caused  by  hundreds  of  miles  laterally. 

Meyen  makes  eight  vertical  botanical  regions  under  the  equator,  as 
fellows : — 

Height  in  Feet. 

Region  of  perpetual  snow,  with  no  plants       .         .         .  16,200 

1.  R^on  of  Alpine  Plants 14,170 

2.  R^on  of  Rhododendrons 12,150 

3.  Region  of  Pines 10,140 

4.  R^on  of  European  Dicotyledonous  trees                          .  8,100 
6.  Region  of  Evergreen  Dicotyledonous  trees                         .  6,120 

6.  Region  of  Myrtles  and  Laurels 4,050 

7.  Region  of  Tree-Ferns  and  Figs 2,020 

8.  E^ion  of  Palms  and  Bananas Q 
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As  each  of  these  vertical  regions  ranges  norih  and  aoutli,  it  deaeawli 
towards  the  level  of  the  sea,  and  forms  a  zone  snironnding  Hie  eaitb ; 
the  eighth  region  forming  the  equatorial  lone,  16^  broad  on  each  aids 
of  the  equator  ;  the  seventh,  the  two  tropical  fonee^  each  8*^  hfoad;  Ae 
sixth,  the  two  8n))tropicaly  11^  broad  ;  the  fifth,  the  warmer  tempents 
zones,  11^  broad ;  the  fourth,  the  colder  temperate  soneSy  13^  looad; 
the  third,  the  subarctic  zones,  8^  broad ;  the  second,  the  arctic^  li* 
broad ;  and  the  first,  the  polar  zones,  10°  broad,  terminating  in  lat  S^, 
the  spaces  between  that  parallel  and  the  poles  representing  the  ice-ci|i 
or  regions  of  perpetual  snow,  in  which  vegetation  is  impossible.  Hieie 
zones  are  boimded,  however,  by  isothermal  lines,  rather  than  panlldi 
of  latitude,  so  that  the  width  of  some  of  them  varies  in  different  piiti. 

A  similar  change  of  climate  takes  place  as  we  descend  vertieiDj 
into  the  sea,  and  a  sinular  consequent  change  in  the  species  of  aninuJi 
and  plants.  This  was  first  clearly  shown  by  Edward  Foibes,  doiiqg 
his  researches  in  the  .£gean  Sea.  He  divided  all  seas  into  five  verticil 
spaces,  which  he  called  zones  (not  regions),  as  follows  : — 

1.  Littoral  zone,  the  space  between  high  and  low  water>inark,  or  where  tiict 

is  no  tide,  the  water's  edge. 

2.  Tlie  cirt'um-littoral  zone,  from  low-water  mark  down  to  about  15  fathoms. 

3.  The  median  zone,  from  15  to  about  50  fathoms. 

4.  The  infra-median  zone,  from  50  to  about  100  fathoms. 

5.  The  abyssal  zone,  from  100  fathoms  to  the  greatest  depth  to  which  lift 

could  continue  to  exist.* 

He  likewise  arranged  marine  life  into  nine  homoiozoic  belts  [ff 
belts  of  similar  life),  surroimding  the  globe,  and  also  bounded  ^ 
isothermal  lines,  one  central  or  equatorial,  and  four  on  each  side  of  %  | 
which  he  called  circum-central,  neutral,  circum-polar,  and  polar.  Em^  I 
of  these  belts,  however,  had  its  vertical  zones  as  above,  and  did  i^ 
merely  correspond  with  one  of  them,  like  the  botanicfid  regions  tf'j 
zones,  t 

There  is,  indeed,  a  difference  even  in  the  distribution  of  tempento^l 
in  the  two  oceans  of  air  and  water  which  surround  the  earth,  «zifl4 
partly  from  the  difference  in  their  physical  constitution,  and  partly  fi«* 
their  limitation  in  space.  The  ocean  of  air  which  surrounds  the  etf^ 
is  uninterrupted  except  for  very  slight  spaces  near  its  lower  snito^j 
where  there  happens  to  be  great  irregularity  in  the  vertical  or 
form  of  the  land  on  which  it  rests.  The  loftiest  mountains  or  tali)^| 
lands  penetrate  but  a  short  distance  up  into  the  atmosphere.  ^ 
ocean  of  water,  however,  not  only  rests  on  an  irregular  base,  Iw*  • 

*  His  researches  led  him  to  regard  a  depth  of  300  fathoms  as  the  probaUe  ''^'\\ 
animal  life,  wad  that  the  deeper  parts  of  the  sea  were  therefore  without  life.    Mors  iw^j 
explorations,  however,  have  brought  to  light  an  abundant  fauna  in  the  Atlantic  tt  V^\ 
depths,  and  even  living  star-fish  at  1000  fathoms.    See  Carpenter,  Proe.  Bofh  ^tt-,  ^ 
zvlii ;  WaUlch's  AUantic  SeorBecL  f  Johnston's  FkytUul  AOm,  9d  editta. 
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Ily  included  within  a  verj  insular  bed,  ita  free  drcnUtion  being 
inoallf  impeded  and  deflected  bj  laige  parte  of  that  bed  ming 
pletelj  above  it,  and  forming  di;  land.  Even  if  we  Enpposed, 
ever,  the  sea  to  form  ae  reg^ar  an  envelope  to  the  earth  aa  the 
loea,  theie  wonld  neverttieless  be  a  difference  in  the  distributiun  of 
r  temperatuiea.  We  ma;  regard  the  dietcibntion  of  mean  tempen- 
in  the  air,  nnder  tlie  figure  of  shells  or  regularly-arched  atrata, 
iiimpoBed  one  over  the  other,  the  hottest  gnrronnding  the  eaith 
it  the  equator,*  the  next  ipreading  over  that,  and  the  next  over 
,  and  so  on,  each  shell  having  a  leea  mean  temperature  than  the 
imdemeath  it.     Iii  Fig.  147  let  C  be  the  centra  of  the  earth,  and 


Ffg.  M7, 

blank  Ecmicircular  space  over  L  C  L  represent  a  section  of  half  the 
1  part  of  the  globe.  Let  the  line  C  E  be  in  the  direction  of  the 
itor,  and  the  line  P  L  C  L  P  be  the  polar  axis  of  the  earth,  P  P 
ig  the  poles,  and  let  the  semicircle  PEP  represent  the  surface  of 

supposed  uniform  ocean  of  water,  the  depth  of  which,  P  L,  is 
■mouBly  exaggerated-  Let  the  semicircle  AAA  represent  the 
eme  limits  of  the  atmosphere,  quite  as  much  exaggerated  in  height 
he  sea  is  in  depth.     Then  the  arched  lines  over  PEP  will  repre- 

sections  of  the  supposed  shells  of  decreasing  temperature  in  the 
sphere,  the  hottest  being  the  lowest  just  over  E.  The  loftj 
utain  over  E  vill  penetrate  all  these  shells,  its  summit  being  just 
lat  stratum  of  cold  which  in  its  gradual  descent  reaches  the  sea- 
I  about  the  poles. 

A.bout  the  equatorial  regions  of  the  earth,  or  in  the  neighbourhood 
!,  the  decrease  of  temperature  as  we  descend  into  the  sea  will  take 

J  coLndda  withtlHtnie  eqiukiraf  tbtHitb. 
2  J 
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place  in  the  same  way  as  it  doea  in  ascendimg  into  the  air.  Tlia*  'A 
however,  be  a  limit  to  thia  decreaae  in  the  eea,  nidike  anjlhing  liM 
wo  know  of  in  the  sir.  Taking  the  maiimimi  tetopentore  i^ib 
water  at  the  level  of  the  sea  ahout  the  equutor  ae  84°  Fahr«iil»iI,An 
will  be  invened  sheila  or  saucers  of  cooler  and  cooler  walei  be 
that  till  we  come  down  to  a  ininlmnni  temperature  of  H-l'tik 
This  is  the  temper&ture  at  the  maiimiun  density  of  aairViKi.tr 
therefore  all  the  water  below  that  depth  must  be  of  that  ssnii^  Wmp* 
ture,  for  if  any  particle  of  water  below  were  made  eithti  hooBl  i 
colder,  it  would  become  lighter,  and  therefore  float  tip  to  llii*  l"** 
But  keeping  in  mind  the  figure  of  Bnac«re  or  Bhells  of  waier,  it  will  ■  i 
apparent  that  Ihis  frigid  Btratum  will  somewhere  rise  up  to  lie  1( 
surface  of  the  sea,  or  leO'ler^l.  This  will  take  place  in  ««« 
antarctic  latitudes,  the  water  towards  each  pole  becoming  coMet 
colder,  until  it  ia  eventually  converted  into  ice. 

The  recent  researches  of  the  "  Porcupine  "  erpedition,  ■a^  1* 
Carpenter  and  "Wp-ille  Thomecm,  and  Mr.  Gwrn  Jeffi^j-.s,  hm  *"• 
that,  while  in  the  North  Atlantic  the  eurface  temperature  in  wtiumf 
pretty  uniformly  62",  there  exist  below,  even  at  corresponding  df^ 
and  in  closely  adjacent  regions,  two  very  distinct  submarine  dim''' 
each  with  a  characteristio  and  peculiar  fauna.  In  one  tract,  allei ' 
these  authors  the  cold  area,  the  minimum  temperature  was  29*6°,  ii^\ 
animal  fonna  were  essentially  of  a  boreal  type ;  while,  in  close  pronm 
lay  a  warm  area,  where  the  temperatiui;  ranged  from  42°  to  46',« 
a  correspondingly  temperate  form  of  animal  life.  Dr.  CarpenUi  '^ 
that  there  must  be  a  current  of  cold  and  heavy  water  flowing  ■• 
from  the  pole,  while  another  and  warmer  body  of  water  is  flowingi*'' 
ward  from  lower  hititudes.* 

As  the  earth  rotates  on  its  axis,  the  atmosphere  and  the  ocett' 
course  move  with  it.  From  the  nature  of  circular  motion  il  ii  i* 
that  the  more  distant  from  tlie  aiis  of  the  rotating  body  any  point" 
be,  the  greater  will  be  the  circle  it  describes  during  each  roiatiai 
point  on  the  equator,  then,  will  describe  a  largvr  circle  during  t 
twenty-four  hours  than  a  point  on  the  latitude  of  20^,  40°,  60^,  or  S 
If  a  man  travelled  round  the  globe  on  the  equator,  he  would  iub; 
journey  of  nearly  25,000  miles  ;  if  he  could  travel  round  it  iW 
latitude  60°,  bis  journey  would  be  little  more  than  4300  milw.  1 
follows  that  if  any  body  of  air  or  water  be  moved  vertically  up**! 
or  downwards,  or  travel  directly  towards  the  equator  or  the  pol«  (I 
northwards  or  southwards),  it  n-ill  have  not  only  that  absoluie  ndtil 
but  a  relative  motion  eastwards  or  westwards  consequent  on  tie  <" 
ward  movt-meut  of  rotation  of  the  part  it  arrive.H  at  being  Ewts ' 
slower  than  that  of  the  part  it  left 
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"Where  the  ran  is  vertical  it  exerts  a  greater  effect  on  the  portion 
lir  directly  beneath  it,  than  on  other  portions.  The  air  thus  heated 
mds  or  becomes  lighter  and  floats  upwards.  Similarly,  the  water  of 
■ea  is  made  warmer,  and  therefore  lighter,  beneath  the  vertical  sun, 

s  greater  portion  is  removed  thence  by  evaporation  from  its  surfeuse. 

and  water,  therefore,  are  both  sucked  up  by  the  sun  to  a  greater 
Zftt  where  it  is  vertical  than  elsewhere.  This  vertical  transference 
lu  and  water  produces  a  direct  north  and  south  motion  in  the  parts 

outside  the  space  sucked  up,  as  they  must  rush  in,  in  order  to  sup* 
Uie  place  of  that  which  is  being  removed  ;  and  these  vertical,  and 
ct  north  or  south  movements  are  partly  turned  aside  in  consequence 
t^e  rotation  of  the  earth.  Thus  are  produced  those  currents  in  the 
>rliich  are  called  the  trade  winds,  and  the  counter  westerly  winds 
ide  the  tropics.     And  thus,  too,  partly  by  changes  of  temperature, 

almost  wholly  by  this  influence  of  the  winds,  currents  are  set  in 
ion  in  the  ocean,  which  are  only  not  so  regular  as  the  trade  winds 
Consequence  of  the  interruptions  in  the  circulation  of  the  water 
ing  from  the  interposition  of  land.* 

As  the  sun  is  never  vertical  over  the  same  spot  two  days  in  sue- 
^n,  except  just  at  the  solstices,  but  travels  backwards  and  forwards 
9  the  central  belt  of  the  earth's  surface,  in  consequence  of  the  axis 
Qie  earth  being  inclined  to  its  orbit,  it  follows  that  the  place  where 
**e  motions  are  generated  is  similarly  movable,  and  oscillates  during 
^  year,  now  on  one  side  and  now  on  the  other  of  the  equator. 

The  irr^ular  distribution  of  land  and  water  likewise  affects  the 
Ntion  of  the  original  moving  impulse,  in  consequence  of  the  difference 
t])e  heating  power  of  the  sun's  rays  on  a  land  surface  and  a  water 
^bce,  and  the  difference  in  the  respective  powers  of  radiation  possessed 
Hiese  two  surfaces.     This  cause  goes  to  the  extent,  in  some  localities, 

letting  up  local  centres  of  motion  in  the  air,  which  shift  their  place 
Nnding  to  season,  or  the  place  where  the  sun  happens  to  be  vertical, 
li  producing  monsoons,  or  local  periodical  winds,  instead  of  trade 
ads.  The  variations  in  altitude  of  different  parts  of  the  land  produce 
3  farther  modifications  in  the  air  currents. 

The  complicated  machinery  thus  set  in  motion  over  the  central 
ions  of  the  earth  causes  motion  throughout  the  whole  extent  of  the 
>  oceans  of  air  and  water  which  surround  the  earth.  A  regular  sys- 
I  of  circulation  is  set  up  both  in  the  atmosphere  and  the  sea,  its 
nlarity  being  continually  interrupted  and  disturbed  by  the  irregular 
line  of  the  land  and  sea  surface,  and  the  irregularities  in  the  rtlief- 
Rj  of  the  land,  and  to  some  extent  in  those  of  the  bed  of  the  ocean. 

It  thus  happens  that  the  climate  of  any  part  of  the  earth's  surface, 
ler  terrestrial  or  marine,  depending  primarily  on  its  latitude  and  \U 

*  See  Mme  recent  pepen  \ij  Mr,  CtoW  on  Oceui  Correnta,  in  PKU.  Mag.  lot  \%r;Q. 
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altitude  or  depth,  is  greatly  modified  by  its  podtion  with  respect  to  the 
hot  or  cold  currents  of  air  and  water,  and  also  l^  its  proxiiiiity  or  oth^ 
wise  to  neighbouring  great  inegnlarities  of  siu&oey  and  the  aspect  d 
these  irregularities.  The  important  element  of  temperatnxe  has  bees 
graphically  represented  by  means  of  what  ate  called  uod^irmd  Kmi^ 
pointing  out  the  mean  temperature  of  different  places,  either  for  tin 
whole  year  or  for  the  summer  and  winter  months  of  the  extra^ropieil 
regions.  The  latter  are  often  more  important  than  the  former,  sinoe  it 
is  obvious  that  two  places  may  have  the  same  mean  annual  tempentarcj 
and  yet  possess  very  different  dimates.  One  place,  for  instance,  mi^ 
have  a  mean  winter  temperature  of  50^  and  a  sununer  one  of  70^i 
while  another  might  have  a  mean  winter  temperature  of  35^  and  i 
summer  one  of  85°,  and  yet  both  have  a  mean  annual  tempentme  tl 
60°. 

Different  species  of  plants  and  animals  are  differently  affected  I9 
climate,  some  being,  by  their  constitution,  adapted  for  only  one  pecolin 
kind  of  climate,  and  perishing  if  they  are  moved  beyond  i^  while  othefl^ 
more  hardy,  will  survive,  and  some  even  flounsh  almost  equally  veD, 
through  many  different  kinds  of  climate.  Man,  and  his  companion  the 
dog,  are  the  animals  which  withstand  best  almost  any  amount  of  chsogs 
in  this  respect. 

It  is  obvious  that  when  speaking  of  the  influence  of  climate  oa 
plants  or  animals,  it  is  necessary  to  include  food  in  the  idea  of  clintf^ 
because  if  the  mere  temperature  and  other  circumstances  be  ever  ff 
suitable,  the  necessary  nourishment  must  also  be  provided.  Minezali 
are  the  food  of  plants,  together  with  water  and  air.  Animals  feed  dthtf 
on  plants  or  on  other  animals.  Before  plants  con  exist,  then,ina]7 
part  of  the  earth,  or  could  come  into  existence  on  the  earth  at  sU,!*! 
containing  carbonic  acid  gas,  and  water  containing  dissolved  miBerfj 
matter,  must  have  existed.  In  like  manner,  before  plant-eating  aniotf 
could  exist,  a  sufficient  stock  of  plants  for  their  food  must  have  hefli 
in  existence,  and  likewise  a  sufficient  stock  of  plant-eating  aninA 
before  the  flesh-eating  animals  that  were  to  be  supported  by  feednf 
upon  them.  It  must  be  recollected  that  this  is  true  of  marine  and  freih* 
water,  as  well  as  of  terrestrial  beings. 

Destruction,  partial  or  entire,  of  Species  of  Plants  and  Animil*^ 
The  fact  of  the  adaptation  of  species  of  plants  and  animals  to  pecnl* 
climates  (including  food  in  the  idea  of  climate),  involves  the  necew 
of  the  destruction  of  species  as  a  consequence  of  an  alteration  in  clixni** 
If  from  any  i)hy8ical  changes,  such  as  those  which  are  taking  place  cfl»* 
tiuually  in  some  locality  or  other,  sea  be  converted  into  land,  or  Itf* 
into  sea,  deep  water  into  shallow,  high  land  into  low,  or  the  revefl^ 
such  changes  must  involve  the  de?truction  of  many  of  the  species  ^ 
habiting  the  areas  so  changed,  or  of  all  of  them,  according  to  the  amount 


DESTBUCTION  AND  OSIGIK  07  SPECIES.  486 

Some  of  thoee  species  maj  hare  been  limited  to  the  areas 
3d :  if  so  their  destruction  will  be  complete,  unless  thej  shift 
ation  during  the  progress  of  the  change,  and  establish  them- 
ew  areas.  Both  total  extinction  and  local  extinction  may  thus 
the  latter  being  the  resolt  either  of  the  partial  destraction  of 
«d  area,  or  the  result  of  migration  from  an  area  totally 

2r  source  of  destruction  is  the  removal  by  physical  change  of 

tiat  once  existed  between  the  areas  of  two  spedes,  of  which 

re  powerful  than  the  other,  and  destruddve  to  it  when  both 

tants  of  the  same  area.    One  plant  may  thus  outgrow  and 

I  another,  or  a  plant-eating  animal  may  usurp  the  food  of 

ant-eating  animal,  or  a  flesh-eating  species  may  prey  upon 

y  destroy  another  species  of  animal,  or  indirectly  destroy  it 

ig  its  food.* 

•  these  causes  the  effects  of  blights  and  munains,  c^  ejndemic 

long  plants  and  animals,  and  we  have  enumerated  all  tlie  most 

OSes  of  the  extinction  of  spedes. 

IS  to  follow  from  these  premises,  that  if  physical  causes  of 

re  left  to  act  for  an  indefinite  time  upon  the  life  of  the  globe 

ly  renovation  of  that  life  by  the  introduction  of  new  spedes, 

Mrorld  would  ultimately  be  tenanted  only  by  the  comparatively 

lardy  spedes  which  could  survive  all  these  changes ;  and  it 

to  follow,  that  wherever  two  parts  of  the  globe,  however  dis- 

dmilar  climates,  we  should  find  in  them  the  same  spedes  of 

id  plants. 

Mgin  of  Species. — ^Naturalists  have   long  experienced  the 

Acuity  in  determining  the  limits  of  spedes.     This  difficulty 

elt  both  as  to  plants  and  animals,  with  respect  to  living  as 

sil  forms.     One  man  has  made  several  distinct  spedes  out  of 

rms  which  another  has  considered  as  mere  varieties  of  one 

rhe  only  sati8fjEU2tory  test  of  the  distinctness  of  spedes  that 

een  agreed  upon  is  that  derived  from  the  power  of  a  spedes 

ce  its  like.     The  individuals  or  pairs  of  a  species  are  fertile, 

ce  their  like,  while  it  is  impossible  to  procure  a  cross  be- 

different  spedes  unless  they  are  very  doeely  allied,  and  then 

ly  is  called  a  mule  or  hybrid,  and  remains  barren.    It  results 

prindple,  that  the  whole  of  the  individuals  of  a  species  are 

idants  of  a  common  parentage.     Doubt,  however,  has  been 

this  test  with  respect  to  some  plants,  and  even  to  some 

(Am  M6mi  fometfanet  to  be  tmbiuited  Xfj  pore  hostility  to  another,  at  in  the 
aek  end  brown  rats.    The  old  BngUsh  or  blaek  rat  was  said  at  one  time  to  be 
for  islands ;  whether  it  erer  spread  beyond  them  I  am  not  aware,  bot  the  rat 
oommoa,  and  ealled  the  brown  or  Norwegian  lat,  ii  aald  to  lui'V^'bfteiLVDXxo- 
» btt?e  ahnoflt  entiielly  eittpaiid  the  other. 
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animals.     Many   nAtnralieU,   for   inEtance,   believe   that  « 

domestic  siiimal?,  as  the  dog,  are  the  uommingled  deacetuionu  of  m 
ot  three  species  originolly  distinct.  In  this  view,  a  hybrid  it  mni'.ltf 
reanlt  of  the  crossing  of  distinct  species  of  plants  or  animsls,  is  oierd'  ■ 
eiaggerstion  of  a  mongrel  or  cmsii  between  distinct  breeds  or  ruitf> 
Still  there  BcemB  to  remain  an  essential  distinction  between  i  ff^ 
and  a  mere  breed  or  Toriety  in  this  respect,  and  not  only  a 
bat  a  contrast,  for  while  the  offspring  of  distinct  species  are  nsuiSfri 
only  sterile  but  degenerate  in  strength  and  appearance,  the  'ere 
of  breeds"  almost  invariably  improves  the  descendaiita,  both  in  f^ 
and  every  other  respect, 

Mr.  Darwin,  in  his  Orufin  «/  Speeia — a  work  which  marks  t 
epoch  in  the  history  of  science — accounts  for  the  origin  of  ipeda  If'    g 
doctrine  whicJi  he  terms  that  of  natural  selection.     I  will  eDdMnnl 
give  a  brief  account  of  his  hypothesis. 

Spedcs  of  plants  and  animal*  have  i  iMtnral  ttaiencj  to  pradm  "t 
"mcM,"  or  "  YBrietieB,"  nndor  the  ccmtinoal  influoaoe  ot  eittniil  nw 
oflusea,  or  nil  those  surrounilidg  '■iremnstanrra  which  tie  may  iucloJe  oa 
Unu  <>[  "c^liuiate."  If  any  number  ot  iodiTidaals  be  placed  in  ft  fir 
"  cliniate  "  (mclnding  food  and  everything  relating  to  tlitur  vo!lb«ing  m 
tvrm  "  cliiaiite ").  then  those  individuiLls  will  grBdoBUy  beoomc  u)  ii, 
breed.  If  the  "  cliEmto  "  be  nnfayonrible,  ths  breed  will  degenerale.  It  V 
in  any  rcgioo  in  which  the  aama  climate  pretailj  thronghont,  imiirtiijili  < 
species  of  plant  or  animal  should  be  pnxlacal  by  any  physiolofrical  or  oUiiil 
dent,  differing  in  any  important  way  from  the  other  Indiriduals  of  tlie  ip 
and  that  difference  (whether  it  mi^ht  to  us  appear  an  improTement  or  tl 
should  be  of  any  adTantagfl  to  the  individual  posseasing  it,  it  would  ni 
used  aod  strengthened  by  ui>e  and  exorcise,  and  tnnsmitted  to  tlie  i 
those  iniiividuali. 

In  this  way  a  process  wonld  he  set  np  naturally,  simQar  to  tlial  ■ 
hroedera  of  plants  or  animala  follow  dtaignedly.  A  biwJer  selects  the  indir^ 
which  happen  to  possau  the  qualities  he  desires,  and  breeds  from  them.i 
care  to  surround  them  during  the  process  with  the  kind  of  "  climate  "  f»TO 
to  the  succeas  of  the  process.  The  differences  artificially  prodnced  m  btn 
very  striiing;  snch  as  tha  differetice  between  the  Shetland  pony,  tie  T 
cart-horse,  and  the  English  racer ;  that  between  different  bncds  of  iW 
oien  ;  the  difference  between  the  varieties  of  fruits  and  Te^tablea  ;  the  lilft 
breeds  of  domeatic  poultry  ;  the  different  pigeons  of  pigeon-fancieis ;  H^' 
vast  variety  of  dogs,  though  Mr.  Darwin  believes  that  the  latter  is  t 
extent  to  ha  aceounl«d  for  perlispo  by  the  commingling  of  two  or  thli 

Rin  hypothoia  is  that  these  varieties  h 
which  remain  so  unchanged,  may,  if   the  surrounding  circumstaiiM* 
to  them  remain  for  a  great  length  of  time  unaltered,  result  in  the  prodwBi 
new  species,      fie  looks  upon  the  diffsrence  hetwevn  a  permanent  vahtty^ 
s]K<cies  as  one  which  has  every  degree  of  gradation,  and  finally  vanithei. 

The  ohvioua  objection  to|thi5  hyiwthesis  La  that  Bo  one  has  vet  tatfi 
producing  a  new  species,  that  is,  a  breed  or  variety  of  animal  or  plant  ■> 
Incapable  of  propagating  its  kind  with  other  bre»ifi  or  varieties  of  the  iptaHl 
^hicb  it  was  Itaelf  originally  derived.     This  olyootion,  however,  is 
Sut  Mr.  Darwin's  hypothuli  has  not  yet  been  convertod  into  i 
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Dry  by  proof  tantamount  to  absolute  demonstration.  His  hypothesis  may  be 
B,  even  if  man  is  incapable  of  doing  the  work  of  Nature,  from  want  either  of 
requisite  time,  or  of  all  the  means  which  Nature  uses.  It  is,  moreover,  one 
i«h  the  professed  biologist  alone  is  competent  to  discuss.  To  a  question  in 
«  physiology,  the  answer  of  the  physiologist  only  is  of  any  value  as  an  autho- 
i^ive  opinion. 

Sporadio  Origin  of  Species. — ^A  species  of  plant  or  animal  ap- 
"^Biitly  consists  of  the  descendants  of  some  one  individual,  or  pair  of 
Laridnals,  which  originated  on  some  spot  of  the  earth's  snrfiGtce. 
spots  were  called  by  Professor  Edward  Forbes  specific  centres, 
,  as  the  descendants  multiplied,  they  spread  themselves  in  all 
Actions  round  them  as  far  as  time  and  climate  (that  is,  all  the  sur- 
caidiiig  circumstances)  would  allow.  These  originating  spots  or 
kTtres  seem  to  have  been  scattered  broadcast  over  the  world.  Every 
^  area  of  the  world  has  species  of  animals  and  plants  peculiar  to  it, 
S.  some  very  small  areas,  such  as  little  islands  remote  from  any  other 
<«3,  or  detached  lakes  and  seas,  have  in  like  manner  been  foimd  to  be 
La^ited  by  species  which  did  not  exist  anywhere  else.  We  cannot 
^pe  the  conclusion,  that  either  direct  creation,  or  the  action  of  some 
Kadple  of  variation  and  multiplication  of  forms,  has  been  in  frequent 
continuous  operation  in  all  parts  of  the  globe,  both  on  land  and  in 

water. 

Schouw  divided  the  globe  into  twenty-five  botanical  regions,  in  each 
'^hich  at  least  one  half  of  the  known  species,  a  quarter  of  the 
fcfsra,  and  some  individual  families,  were  peculiar  to  that  region,  and 
JOd  nowhere  else.  These  regions  are  scattered  variously  over  the 
fce,  but  they  admit,  as  shown  by  Meyen,  of  an  arrangement  into 
^es,  each  zone  surrounding  the  earth,  and  including  regions  in  which, 
Uough  the  plants  are  distinct,  yet  they  are  more  like  and  more 
fc»ly  allied  to  each  other  than  those  of  other  zones.  Not  only  are 
^  regions  of  plants  in  each  of  these  zones  similar  to  each  other,  but 
!:i«  is  another  kind  of  similarity  in  those  of  corresponding  zones  in 
t  opposite  hemispheres,  so  that  the  plants  may  be  said  to  be,  although 
^irelj  distinct,  representative  of  each  other.  The  evergreen  forest 
es,  for  instance,  of  the  northern  warmer  temperate  zone,  are  repre- 
ited  by  other  evergreen  forest  trees  in  the  south  warmer  temperate 
fce,  each  latitudinal  zone  still  having  its  distinct  vertical  regions  of 
ktits,  as  before  described. 

Some  particular  species  of  plants  are  confined  to  very  small  areas, 
lall  islands,  for  instance,  such  as  Madeira  and  Teneriffe,  have  species 
plants  which  are  found  nowhere  else.  In  the  Canary  Islands,  gene- 
ly,  out  of  533  species  of  phsonogamous  plants,  310  are  peculiar  to 
tm.  On  St.  Helena,  out  of  thirty  native  species  of  ph^onogamous 
tuts,  only  an«  or  two  exist  in  any  other  part  of  the  globe.  In  the 
^e  archipelago  of  the  Galapagos  Islands,  there  are  a  hundred  specie*' 
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of  flowerisg  plants  foaod  only  in  those  idaudfi,  some  tmij  oi 
the  ialuidB  and  not  on  the  othere.* 

The  same  mles  hohl  good  in  the  animal  kingdom.     The  dunBlj 
and  OalapBgoa  are  marked  by  the  large  admixture  of  indigenom  f 
in  their  fauna,  f     Dr.  Sclater  divided  the  distribution  of  biida  oni 
globe  into  six  rEgions,!  which  Mr.  A.  B.  Wallace  haa  proposed  Nil 
as  good  for  the  whole  animal  kingdom.5     These  regioDi  are — lit  A 
tropical — South  America,  Meiico,  aud  Weat  Indies.     £(L  i'lantit—B 
remainder  of  America.     3d.  Palaaxetic — Europe,  North  Aiin  lo  Jip 
Africa  north  of  the  DeBert.     Jth.  EAiopian, — The  rest  of  Afrta  ■ 
Madagaacar.      5tL  Indian — South  Aua  and  western  half  of  V '" 
archipelago.      6th.  Auttralian — Eaatem   half  of  Malay  i 
AoBtralio,  and  most  of  the  Pacific  Ifiliuids.     Mr.  Wallaoe  n 
the  mammalia,  reptiles,  land-shelln,  aud  to  a  great  extent  the  ia 
agree  with  the  birds  in  this  distribution.     The  greatest  ^latf 
occur  in  groupa  which  have  at  once  great  capacities  for  diffod»« 
little  adaptability  to  change  of  conditioa 

The  boundaries  of  these  various  provinces  or  regions  are  soiwlin* 
very  well  marked.  This  is  especially  the  case  wherever  snj  «■! 
natural  feature  occurs,  such  as  the  separation  of  two  laud  proviuti  If 
a  chain  of  inaccessible  mountains,  or  by  a  narrow  and  decpEea,ailU 
of  two  marine  provinces  by  a  narrow  neck  of  land,  or  the  meetijig  ■' 
wann  and  cold  current  of  water.  At  other  times  adjacent  proiirf  , 
may  be  more  or  less  blended  into  each  other,  so  that  it  ia  di&nlt* 
Ray  where  one  ends  and  the  other  begins, 

M.  Barrandell  has  some  very  instructive  remarks  on  the  dtWf 
proiimation  of  widely  distinct  marine  provinces.  Wherever  two  sji 
of  aea  are  separated  by  a  narrow  neck  of  land,  uniting  countriei  ^ 
stretch  far  and  without  interruption  through  dilferent  climUei,' 
may  have  totally  diiTerent  species  within  a  few  miles  of  each  ^ 
This  happens  at  present  in  the  instances  of  the  Inthmue  of  Ssa'  , 
Isthinns  of  Darien.  In  the  first  cose,  according  to  the  best  authaw  , 
there  are  no  species  of  fish  or  Crustacea  common  to  the  RedSaS 
the  Mediterranean,  with  the  exception  of  a  few  cosmopolitt 
□either  are  there  any  species  of  molluscs  common  to  the  twc 
a  few  doubtful  eicepticina  ;  while,  with  regard  to  the  Eoophytei,  ll« 
true  without  any  exception  at  all.  In  the  second  cose,  ou  the  gntlw 
of  M,  Alcide  D'Orbigny,  there  are  1 10  genera  of  molluaca  ou  tlw" 
coasts  of  South  America,  of  which  fifty-five  are  conuuoo  lo  the  fts 
aud  Atlantic  Oceans  \  thirty-four  peculiar  to  the  Pacific,  and  tvol 

•  Humboldt  uid  Dirwin,  u  ijnolsd  bj  Ljcll,     Prisrtp'M,  »th  edit,,  chip.  IH* 
I  t  See  Lyiill,  op.  cU..  lOih  edit,  it)L  U,  elup.  ilL 

I  I  Tmni.  Linn.  Sac  lSi7.  I  A'ot  BIA  Sietrv,  19M 
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uur  to  the  Atkntie.  There  is,  thezefore,  a  generic  conespond- 
he  extent  of  one  half ;  that  half  beiiig  probably  the  moet 
>y  and  containing  the  greatest  number  both  of  species  and 
Ll  But  theee  1 10  genera  contain  688  spedesy  and  of  these 
B  to  be  found  common  to  the  Atlantic  and  Pacific  Oceans, 
iplea  of  the  Geognphical  limitation  of  Animals  as  prorlnc 
radio  Orlaiin. — ^In  order  not  to  leaye  the  reader  with  mere 
ict  generalisations,  it  may  be  adyisable  to  mention  a  few  of 
mown  and  moet  marked  examples  of  the  limitation  of  certain 
\d  genera  of  animals. 

. — ^The  Mft^ih  Tuy  greatly  in  difliBreDt  parts  of  the  n^orid.  The  ood, 
and  the  sole^  are  peenliar  to  the  Arctic  aeaa  and  the  a4Jacait  parts  of 
M*.  The  aaliDoii  accompanies  them,  but  mna  down  the  westem  ooast  of 
srica  as  fftr  as  the  Colmnbia  Rirer,  while  in  Sorope,  it  is  nerer  foimdt  I 
anj  liver  running  into  the  Mediterranean  or  Black  Bea.  The  tunny 
If  editerranean  fish  are  in  like  manner  unknown  in  the  Atlantic  Tlia 
-  fiah  are  equally  limited  in  some  parts  of  the  world, 
k  — Perhaps  the  moet  striking  tui»  of  limitation  of  speciesi  howersr, 
ocearring  among  birds ;  whose  powers  of  easy  and  rapid  looomotioa 
vce  the  whole  world  at  tiieir  diBposaL 

ids  do  range  oTer  Tery  large  puts  of  the  earth,  but  others  are  limited 

lest  territories.    The  red  grouse  of  oar  own  islands  is  not  known  to 

other  portion  of  the  eulh.     The  nightingale,  which  visits  the  sonth- 

and  during  the  summer,  snd  abounds  then  in  Cambridgeshire,  and 

to  Northampton,  stops  at  a  certain  line,  running  thence  down  into 

\  and  is  never  heard  to  the  north-west  of  that  line. 

'Jiere  is  no  more  striking  instance  of  the  restriction  of  species  to 

than  that  observed  by  Mr.  Darwin  in  the  Qalapagoe.*    Here  we 

cluster  of  islands  aU  volcanic,  and  all  of  the  same  character, 

under  the  equator,  and  therefore  enjoying  the  same  climate,  and 

lave  they  a  fauna  and  flora  distinct  from  that  of  the  rest  of  the 

srent  species  are  found  in  the  different  islands,  making  the  group 

rid  of  its  own,  a  satellite,  as  it  were,  of  the  great  American  contl- 

mals  and  plants  bear  tilie  American  stamps  resembling  those  of 

.ban  those  of  any  other  part  of  the  worid ;  they  are,  however, 

even  generically  distinct.    The  ialends  contain  no  indigenoua 

one  small  mouse,  but  numerous  reptiles,  snakes,  lizards,  and 

f  the  lizards  being  marine,  and  the  only  Uving  species  of  their 

the  sea,  and  the  large  land-tortoises  being  also  of  very  peculiar 

wenty-siz  species  of  land-birds,  only  one  is  known  elsewhere,  and 

e  were  absolutely  confined  to  particular  islands,  although  some 

)re  within  sight  of  each  other,  t 

mother  instance  to  Australia,  we  find  that  there  are  peculiar 

et  and  other  birds  in  Victoria,  South  Australia,  and  Swan 

a  each  other,  and  from  those  of  New  South  Wales,  while  many 

ilong  the  whole  stretch  of  the  eastern  coast,  from  40^  8.  lat. 

of  the  equator.     The  same  species  in  this  case  seem  to  cling 

^h  land,  even  tiiough  stretchLig  through  different  climates, 

)S8  the  intervening  plains  on  to  other  mountain  ranges,  which 

titudes  and  eujoy  the  same  climates  as  the  eastern  coast  range. 

ttrcriuff  JoumaL  t  Darwin,  of .  cU. 
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The  Dodo,  which  inhabited  the  Hamitiiifl,  and  wu  eztenninsM  by  the  Dotch, 
and  the  large  and  beautiful  Norfolk  Island  and  Philip  Island  parroti»  each  ooa* 
fined  to  its  little  spot  of  earth,  and  extermin«ted  by  the  Rn^iah  oonficta,  m 
oonspicuous  instances  of  the  lestriction  of  large  birda  to  small  apaoea,  and  Hmt 
consequent  extinction  on  the  introduction  ci  the  hostile  apedaa — man.  Tte 
humming-birds  afibrd  eicellent  examples  both  of  great  range  in  muoB  speefeSr  sil 
of  dose  restriction  in  others.  Humming-birds  are  peculiar  to  the  ABMriean  ooa- 
tinent,  they  are  found  over  the  whole  of  it  from  Cape  Horn  to  Roaaian  Americii 
A  small  blazing-red  species  (called  ScUasponu  n0tf)  ranges  from  Mezifio  to 
Sitka.  On  the  other  hand,  the  one  called  Orwtroekilua  Chimboraao  is  only  fboDd 
on  the  mountain  from  which  it  takes  its  name,  and  only  between  the  attitadei  of 
12,000  feet  and  15,000  feet  above  the  sea ;  another  called  Orm>iro€kdlMM  ISekmh 
is  only  found  between  the  altitudes  of  10,000  and  14,000  feet  upon  PichinGi. 
Ereocnemus  Derbianus  has  never  been  found  except  in  the  crater  of  the  ▼dcanorf 
PuracL*  The  ostriches  and  their  allies  are  equally  remarkable  as  exhibiting  tb 
organisation  of  different  species  of  birds,  all  unable  to  fly,  in  so  many  di&nd 
parts  of  the  earth.  The  ostrich  proper  {StnUhio  eamdus)  inhabits  Africa  ai 
Arabia.  In  South  America  there  are  two  species  of  ostrich,  one  (Hhm  Amttieam) 
inhabiting  the  eastern  plains  north  of  the  Rio  Negro,  the  other  {Hhm  DarmnSf 
the  plains  of  Patagonia.  In  Australia  we  have  the  Emeu  (Dromaiug  NomB-Ui' 
landiof) ;  in  New  Guinea  and  the  neighbouring  islands  the  Cassowary  (Cbwonv 
geUeatus)^  and  another  species  from  New  Britain ;  and  in  New  Zealand  the  ApUtft 
and  the  recently  exterminated  DinomiSf  of  which  Owen  enumerates  twelve  tpedtk 
There  was  another  bird  alRO  (called  jEpiomis)  in  Madagascar,  now  known  chiefly  l? 
its  eggs,  one  of  which  would  have  held  the  contents  of  148  eggs  of  the  common  fowLt 

It  IB  impossible,  as  Owen  remarks,  to  suppose  that  ail  these  different  spedtf 
of  birds  which  can  neither  fly  nor  swim,  nor  endure  severe  climates,  could  hiit 
sprung  from  one  common  Asiatic  centre,  according  to  the  generaUy  recdved 
hypothesis  of  the  origin  of  species.  It  is  also  equally  difficult  to  understand  wby 
that  strange  anomaly,  a  bird  unable  to  fly,  should  hare  been  developed  by  aaf 
physiological  law,  such  as  Darwin's  doctrine  of  variation,  in  so  many  indepeodcot 
localities,  though  that  objection  might  perhaps  be  met  by  the  supposition  of  tki 
gradual  breaking  up  and  separation  of  once  continuous  land,  so  that  a  non-flyiBS 
bini  once  produced,  might  afterwards  vary  into  many  different  kinds  of  non-flyiof 
birds  in  the  different  separated  areas. 

As  a  contrast  to  birds  which  cannot  fly  at  all,  we  may  instance  many  oeeask 
birds  who  seem  to  pass  their  lives  upon  the  wing,  and  yet  never  or  very  rsrdf 
overstep  certain  limits.  In  the  South  Indian  Ocean,  between  the  Cape  of  Good 
Hope  and  Australia,  the  sea  during  the  winter  months  of  the  southern  hemisphA* 
is  alive  with  birds  south  of  latitude  31®  or  32°,  while  to  the  north  of  thatliw 
none  are  seen  except  an  occasional  tropic  or  frigate  bird.  Towards  the  sooA 
flocks  of  albatrosses  and  cape-pigeons  seem  as  if  always  accompanying  the  vesid 
in  its  course,  the  cape-pigeons  ever  busy  about  the  ship,  while  the  great  albatnsi 
{Diomedea  exularut)^  and  the  still  more  numerous  dusky  species  (/>.  ^^tHgmmt) 
sweep  in  steady  curves  between  the  ship  and  the  horizon,  now  sailing  close  by  tin 
rigging  and  eyeing  the  persons  standing  on  the  poop,  and  then  gliding  out  of  tigH 
ahead,  as  if  the  vessel  were  at  anchor.  If,  however,  the  ship  turn  towardi  tb* 
north  and  pass  the  limit  mentioned  above,  all  these  hosts  of  birds  disappear  at 
once,  nor  ai-e  they  ever  seen  again  till  the  navigator  return  to  the  south,  when  li> 
finds  fresh  flocks  as  if  awaiting  his  arrival. 

7,  Mammalia, — We  find  similar  restrictions  as  to  the  areas  inhabited  fcy 
species  or  groups  of  species  among  the  highest  class  of  animals — namely,  tka 

*  From  information  communicated  by  Mr.  Oonld. 
t  Owen,  Address  to  the  British  Association,  Leeds  Meeting. 
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mammalia.  In  the  Arctic  regions,  indeed,  many  animals,  such  as  the  musk- 
ox,  the  polar-bear,  the  right  northern  whale,  and  others,  both  terrestrial  and 
marine,  are  common  to  the  whole  circle.  But  as  we  travel  south,  and  the  lands 
and  seas  begin  to  diverge  from  each  other,  the  animals,  even  in  corresponding 
latitodes  and  similar  climates,  soon  become  diverse.  The  black  and  grizzly  bears 
are  American  only,  the  brown  bear  is  an  inhabitant  of  the  Old  World  alone.  Still 
farther  south,  the  puma  and  jaguar  of  America  represent,  but  are  very  different 
from,  the  lion  and  the  leopard  of  the  Old  World.  The  camels  and  dromedaries 
of  the  Old  World  are  similarly  represented  by  the  llamas  and  guanacoes  of  the 
New ;  and  each  great  division  of  the  globe  is  inhabited  by  many  different  species 
of  deer  and  other  corresponding  animals.  The  monkeys  may  be  divided  into  three 
groups — the  Catarhini,  belonging  to  the  Old  World,  the  Platyrhini,  to  the  New,  and 
the  Strepsirhini,  most  of  which  belong  to  Madagascar. 

There  are,  however,  many  groups  of  animads  wholly  confined  to  one  of  the 
great  divisions  of  land.  No  true  pig  (Sua)  was  a  native  of  America,  the  peccaries 
{DieotyUs)  are  American  only.  There  are  now  no  representatives  in  the  American 
oontinNit  of  the  elephants,  and  there  appear  never  to  have  been  any  of  the 
rhinoceroses,  hippopotami,  or  giraffes  of  the  Old  World  ;  while  the  sloths 
{Bradyfnu),  the  anteaters  (Myrmecophagus)^  and  the  armadillos  (Dasypus),  are 
not  met  with  out  of  America.  There  is  indeed  a  pangolin  (Manis)  in  Africa,  and 
another  in  Asia,  and  an  Orycterojms  in  Africa,  otherwise  the  whole  order  of 
Edentata  would  be  entirely  American.  There  is,  however,  a  still  closer  restriction 
among  the  species  of  each  of  these  animals.  One  species  of  elephant  is  peculiar 
to  Africa,  and  another  to  India.  There  are  three  species  of  double-homed 
rhinoceroses  in  South  Africa,  and  one  in  the  island  of  Sumatra,  Java  having 
anotiier  with  only  one  horn.  There  are  different  species  of  sloths,  anteaters,  and 
annadillos  in  different  regions  of  South  America. 

The  marsupial  animals  are  now  confined  to  Australasia,  with  the  exception  of 
one  genus,  the  didelphys  or  true  opossum,  which  is  American  only,  some  of  its 
specie  being  restricted  to  very  narrow  limits.  In  Australasia  the  marsupials  of 
New  Guinea  are  entirely  and  some  of  them  widely  distinct  from  those  of  Australia 
proper,  and  in  Australia  itself  the  kangaroos,  wallibis,  and  phalangers,  are 
different  in  different  parts  of  the  country.  Mr.  Gilbert,  who  was  collecting  for 
Mr.  Gould,  and  unfortunately  lost  his  life  in  Dr.  Leichardt's  first  expedition, 
informed  me,  when  I  met  him  at  Swan  River,  that  with  the  exception  of  the 
JBchidnay  or  so-called  Australian  porcupine,  ho  had  not  been  able  to  find  a  single 
animal  or  a  single  bird  among  all  those  he  had  collected  in  Western  Australia,  that 
was  specifically  the  same  as  any  in  New  South  Wales.  The  lesser  island  of 
Tasmania  has  the  two  largest  and  most  powerful  carnivorous  marsupials  absolutely 
pecoliar  to  it,  those,  namely,  which  are  called  the  Native  Tiger  {Thylacinus  cyno- 
^ephalua),  and  the  Devil  {Sarcophiltis  (Dasyurus)  vrsintis).  That  strange  animal, 
the  dnck-biUed  Platypus,  or  Ornithorhyrichus  paradoxus^  appears  to  be  confined 
entirel J  to  the  south-eastern  comer  of  Australia.  * 

Generic  Centres  and  Districts. —  That  any  one  species  should  be 
confined  within  certain  limits  round  its  point  of  origin  seems  natural 
or  inevitable  as  the  direct  result  of  the  action  of  climate,  or  the  physical 
limitation  of  the  land  or  water  area  in  which  it  came  into  existence. 
It  is,  howeyer,  very  worthy  of  notice,  that  those  groups  of  allied  species, 
wbidi  we  call  genera,  are  equally  circumscribed.  Why  should  different 
species  of  opossum  (Didelphys)  have  originated  in  America,  side  by  side 

*  See  Owen's  Presidential  Address,  previously  cited ;  Johnston's  Physical  Atlas,  etc. 
etc.  etc. 
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with  each  other,  and  nowhere  else  ?  Why  ahonld  diffsrent  species  of 
kangaroo  {Macropui)  and  other  marsapial  genera  have  oiiglnafted  in 
Anstralasia,  and  in  no  other  part  of  the  world  t 

If  the  limits  of  a  species  be  the  natural  result  of  the  descent  of  the 
individoals  composing  it  from  a  common  mother,  does  not  the  linutir 
tion  of  a  genus  point  equally  to  descent  from  a  common  species  t  The 
same  question  might  be  asked  as  to  the  limitation  of  the  different 
genera  comprising  a  family  or  order,  making  allowance  for  the  olmoai 
condition  that  the  larger  the  group  of  species  (genus,  ficonily,  or  cider), 
the  larger  \&  the  area  likely  to  be  occupied  by  it,  and  its  limitation  will 
become  therefore  less  and  less  obvious.  The  fieict,  however,  that  genen 
(of  whatever  extent)  are  geographically  limited,  is  one  that  is  pxovaUi 
by  many  examples  both  among  plants  and  animals.  Edward  Forbei 
insisted  on  it  strongly,  and  pointed  out  that  genera  had  their  eaitru 
where  their  »pecia  were  most  numerous  and  flourishing,  in  the  same 
way  that  species  had  their  centres  where  the  indMdwds  fiomished 
best,  and  that,  receding  from  those  centres,  both  vertically  and  latenlly, 
individuals  in  the  one  case,  and  species  in  the  other,  gradually  fided 
away,  till  at  certain  limits  they  ceased  to  exist. 

These  facts  are  highly  suggestive  when  we  come  to  speculate  on  the 
origin  of  the  various  forms  of  life  upon  the  globe.  They  seem,  in  con- 
nection with  the  geological  history  of  some  species  and  genera,  to  hsTC 
originated  in  Darwin's  mind  those  speculations  of  which  the  first-froits 
were  given  in  his  Origin  of  Species, 

Breaking  up  of  Gheneric  and  Speciflc  Areas  by  Oeologieal  Ohaagat. 
— Certain  facts  in  distribution  at  the  present  day  which  seem  to  mili- 
tate against  the  truth  of  the  limitation  of  genera  (and  perhaps  of  species 
also),  are  easily  explained  when  we  learn  their  geological  histOTy. 
Edward  Forbes,  for  instance,  pointed  out  that  the  genus  Mitra  has 
at  the  present  day  its  centre  in  his  central  homoiozoic  belt,  its  area 
extending  thence  through  the  two  circumcentral  and  into  the  south 
neutral  belt,  but  that  one  outlying  species,*  Mitra  Greenlandioa^  was 
found  in  the  north  polar  belt.  This  detached  species,  which  seemed  to 
form  80  striking  an  exception  to  the  doctrine  of  continuous  generic 
areas,  is,  however,  known  to  have  once  formed  part  of  the  great  generic 
area  of  Mitra,  inasmuch  as  Mitras  of  other  species  formerly  existed  in 
the  intermediate  space.  The  extinction  of  these  species  of  Jfiira  has 
broken  up  the  once  continuous  area  ;  and  it  is  probable  that  the  many 
physical  changes  which  have  taken  place,  and  the  mutations  between 
land  and  sea,  and  height  and  depth  of  either,  have  in  many  instances 
broken  up  generic  and  specific  areas,  and  either  contributed  to  their 
dispersion,  or  perhaps  in  some  cases  aided  in  restricting  them  within 
still  narrower  limits. 

*  Ifitbealfi<ra,whichis,IbeUeTe,atleMtd(mlitftil. 
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A  little  consideration  will  show  that  if  the  individuals  of  a  species, 
or  the  species  of  a  genus,  be  rare,  and  their  limits  narrow,  it  may 
be  either  in  consequence  of  their  being  new,  only  just  beginning  to 
make  their  way  in  the  world,  or  because  they  are  old  and  dpng  out. 
If  they  be  found  in  two  or  three  localities  widely  apart,  the  latter  is 
almost  certainly  the  true  state  of  the  case.  There  is  a  genus  of  fresh- 
water fish  called  Coregontts,  the  porran  of  Cumberland,  the  pollan  of 
Lough  Neagh,  the  Qwynniad  (or  white  fish)  of  Bala  Lake,  the  white 
fish  (or  fresh-water  herring)  of  the  North  American  lakes,  other  species 
being  found  in  the  Siberian  rivers.  Some  of  the  North  American  and 
Siberian  species  are  very  abundant  in  their  several  localities,*  but  those 
of  the  British  lakes  are  rare  fish,  only  occurring  in  the  detached  lakes 
mentioned  above,  and  only  to  be  seen  at  particular  seasons  even  in  them. 
They  are,  doubtless,  remnants  of  those  which,  when  the  arctic  climates 
of  North  Siberia  and  America  extended  over  the  British  islands  and  the 
whole  northern  area  of  the  world,  were  equally  abundant  over  the  whole 
of  that  area,  and  are  now  approaching  extinction  in  different  isolated 
localities  of  the  area  where  arctic  climates  no  longer  prevail. 

The  geological  bearings  of  the  facts  of  the  geographical  distribution 
of  organic  beings  at  the  present  time  now  become  apparent,  and  three 
other  instances  may  be  briefly  given. 

It  is  said  that  the  existing  fauna  and  flora  of  North  America  have  remarkable 
generic  and  ordinal  analogies  with  those  which  prevailed  in  Europe  during  a  recent 
tertiary  age.  There  is  perhaps  a  closer  relation  between  those  recently  extinct 
European  genera  of  animals  and  plants  and  the  existing  North  American  ones, 
than  there  is  between  the  latter  and  the  present  European  genera.  It  is  possible, 
therefore,  that  the  present  European  fauna  and  flora  may  be  of  more  recent  date 
than  those  of  North  America ;  that  genera  and  species,  once  common  to  the  two 
contiDents,  have  remained  less  changed  in  North  America  than  in  Europe,  where 
they  have  become  extinct  by  some  of  the  actions  previously  alluded  to,  and  have 
been  replaced  by  other  forms.  The  climate  of  North  America  has  probably  been 
leas  altered  since  the  glacial  period  than  that  of  Europe  has.f 

Mr.  Bates  t  describes  the  arboreal  character  of  the  mammals,  birds,  reptiles, 
and  insects  of  those  regions  of  South  America,  compared  with  their  analogues  in 
other  parts  of  the  world,  and  attributes  it  to  the  gradual  adaptation  of  the  species 
to  the  necessities  of  life  in  the  vast  forests  of  those  regions. 

The  animals  and  plants  of  Australia  are  very  peculiar,  and  many  of  them  such 
as  are  found  nowhere  else  living  in  the  world.  Some  of  the  marine  shells  and  some 
of  the  land  animals  and  plants  more  resemble  those  found  fossil  in  rocks  deposited 
during  an  early  geological  period  (the  Oolitic)  in  our  part  of  the  world,  than  they 
do  any  other  ordinal  or  generic  types.  It  is  perhaps  possible,  therefore,  that  the 
fauna  and  flora  of  Australia  are,  as  it  were,  a  remnant  of  that  which,  during  the 
Oolitic  period,  was  common  to  the  whole  globe,  but  which  has  everywhere  else 
been  superseded  by  the  introduction  of  new  generic  and  ordinal  forms. 

*  See  Richardson's  Polar  Regions. 

t  See  on  this  subject  the  papers  of  Professor  Heer,  and  the  discussion  of  it  by  Sir 
Charles  LyeU  in  his  EUments  of  Geology,  6th  edit.  chap.  xv. 
%  In  his  interesting  Voyage  up  the  Amazons. 
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THE  LAWS  AND  GENBRALIBATI0N8  OF  PALJBONTOLOGT. 

The  Kindi  of  ATiimalii  and  Flanta  moat  likaly  to  oooiir  TomSL— 
The  lockB  in  which  organic  remains  are  found  are  aqueoiu  tocIeb,  prinei- 
pally  marine.  We  should,  therefore,  naturally  expect  the  endoaei 
foeaOs  to  be  the  remains  of  aquatic,  principally  marine  beings^  In  ik 
vegetable  kingdom,  at  the  present  day,  the  vast  majority  of  the  spedei 
are  terrestrial,  while  in  the  animal  kingdom  there  is  an  abnoBt  equal 
majority  of  aquatic  species.  Among  the  Vertebrata,  for  instance,  ve 
have  two  orders  of  mammalia  entirely  aquatic,  a  large  part  of  tke 
reptiles  and  amphibia,  and  the  whole  of  the  fish.  In  the  sub-king- 
dom Annulosa,  the  insects,  indeed,  like  the  birds  among  the  Vertebrati, 
are  chiefly  terrestrial  or  aerial ;  but  the  Crustacea  are  chiefly,  and  the 
Echinodermata  entirely,  aquatic.  The  exceptions  to  the  aquatic  charuter 
of  the  rest  of  the  whole  animal  kingdom,  including  the  moUusca  and  the 
other  sub-kingdoms,  are  very  few  and  comparatively  unimportant,  the 
pulmonata,  or  land-snails,  being  the  principal  one. 

This  at  once  gives  us  a  reason  for  the  fact  of  the  remains  of  animals 
being  more  numerous  than  those  of  plants,  and  of  aquatic  Animalft  than 
those  living  on  land.  Even  where  they  occur  in  equal  abundance, 
animal  remains  are  more  important  than  vegetable,  inasmuch  as  it  ii 
more  easy  to  arrive  at  definite  conclusions  as  to  the  nature  and  the  haluts 
of  the  once  living  beings  from  the  examination  of  a  fragment  of  an 
animal  than  from  that  of  a  plant.  A  single  scale,  or  tooth,  or  fragment 
of  bone  or  shell,  will  often  reveal  to  the  comparative  anatomist  the 
whole  history  of  an  animal  which  he  certainly  never  saw,  and  of  which, 
perhaps,  the  only  known  traces  may  be  that  solitary  fragment  The 
botanist  is  not  in  equally  favourable  circumstances  for  determining  the 
history  of  a  fossil  plant,  since  a  piece  of  a  stem  or  a  leaf  will  nrelj 
do  more  than  enable  him  to  determine  to  which  great  division  of  the 
vegetable  kingdom  the  living  plant  belonged ;  while  the  parts,  such 
as  the  flower,  on  which  he  mainly  depends  for  more  exact  determination) 
are  scarcely  ever  preserved  in  a  fossil  state. 

It  is  to  the  terrestrial  animals,  as  most  important  to  us  economicaUj) 
and  most  frequently  before  our  eyes,  that  we  are  naturally  accustomed 
to  look  as  our  fellow-inhabitants  of  the  globe,  but  in  reality,  if  we 
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«icept  the  tenertntd  manunalia,  the  birds  and  the  inaecta,  almost  all 
the  infinite  varie^  and  abundance  of  other  animals  live  in  the  water. 
'We  should  therefoK  natiirall;  expect  to  find,  as  we  do,  portions  of  all 
the  other  kinds  of  the  animal  kingdom  in  great  plenty,  while  remaina 
wf  manimalia,  of  insects,  and  of  birds,  must  be  comparetirelj  rare. 

It  ia  neceaaajy  to  take  these  considerations  strictly  into  account 
liefore  we  found  any  reasoning  upon  the  negative  evidence  of  tha 
Absence  of  terreatrial  unimiilK  or  pluita  in  a  foaail  state.  Very  important 
conclusions  are  doubtleas  to  be  drawn  from  the  study  of  the  terrestrial 
kinda  when  they  do  occur  fossil ;  but  even  then  their  practical  value  to 
the  geologist  is  often  small,  on  account  of  their  rarity.  Many  of  the 
extinct  species  and  genera  of  mammalia,  for  instance,  are  founded  apou 
the  occmrence  of  aingle  fragmentaiy  apecimena,  or  of  not  more  than  two 
or  three  specimens  ;  fossil  fish  are  more  Dumeroua,  but  the  testaceous 
(or  ahell-hearing)  molluscs,  the  Crustacea,  the  echinodermata,  and  the 
cara^B,  occur  by  hundreds  and  thousands,  mountainous  masses  of  rock 
being  in  aome  casea  made  up  of  them.  We  might  accordingly  take  any 
one  of  theae  last  mentioned,  and  compare  the  different  aaaemblagea  of 
them  found  fossil  in  different  formations,  with  the  expectation  of  arriv* 
ing  at  aome  definite  conclusion  as  to  their  history.  Of  all  fossils, 
however,  the  moUuaca  afford  to  the  paleeontoli^ist  the  most  complete 
and  unbroken  scale  of  compariaon,  on  account  of  theii  number,  their 
variety,  and  the  comparative  completenesa  of  the  preaervation  of  their 
foasil  parts,  and  the  consequent  facility  of  determining  their  nature  and 
habitsL 

Ths  Uodaa  of  OooniTenee  of  Fosatla.— BreakB  in  Bnooeaaion. — 
Organic  remains  may  be  either  included  in  the  aqueous  rocks  on  the 
Terj  apot  where  they  lived,  or  close  to  it,  or  may  have  been  drilled  by 
the  water  to  some  distant  spot  after  death,  or  swept  into  the  water 
bom  the  land.  Any  remains  floating  for  some  distance  in  water,  and 
■lowly  sinking  to  the  bottom  of  it,  or  drifted  for  any  distance  along  the 
bottom,  will  give  oa  no  information  as  to  the  habits  or  "  station"  of  the 
■peciea  when  living.  We  may  get  fragments  of  laud  planla  or  animala 
ioclnded  in  beds  which  were  depoaited  in  deep  »ea  at  a  distance  from 
kbore,  or  fragments  of  animalii  which  lived  in  clear  water  depoaited  in 
mud  or  silt,  or  of  animals  which  lived  in  sand  or  mud  enclosed  in 
limestone  formed  in  clear  water.  These,  however,  are  the  exceptions 
ntber  than  the  rule,  and  in  the  majority  of  instances  the  onimala  found 
•a  foaaila  lived  on,  or  close  to,  the  spot  where  they  were  buried,  so  that 
in  pure  limestone  we  get  the  remains  of  animal  a  that  lived  in  clear 
«at«T,  while  in  sandstones  and  clays  we  get  the  shells  and  other  animals 
that  preferred  to  live  in  or  on  sandy  and  muddy  bottoms.  Hence, 
"mhen  we  examine  any  group  of  aqaeoiia  rocks,  made  up  partly  of 
calcaieotu^  and  partly  of  arenaceoos  and  argillaceous  rocks,  we  mB.'j 
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expect  to  find  a  difFerence  in  ihe  fagails  according  to  the  d 
the  mitarc  of  tbe  rock.  Foasila  are  in  gsneml  much  moreo 
limeBtone  than  in  any  other  kinds  of  rock,  because  limcstODe  u<k 
derived  from  the  remainB  of  anininla  ;  but  certain  kinds  of  ft 
certain  spcctea  of  ahelk,  are  found  moatty  in  sandstone,  oGuxim 
in  mud  or  clay.  Land-plants  and  other  terrestrial  j 
found  much  more  frequently  in  arenaceous  and  argillaceoBi  n 
because  these  are  more  usually  deposited  naar  the  Lind  than  a" 
rocks  are. 

These  general  statenienta  muat  of  course  be  taken  a: 
isations,  admitting  of  many  eiceptioiia,  and  must  not  be 
absolute  rides  rigorously  governing  particular  cases.      AUowinffl 
eiceptions  arising  both  from  the  drifting  of  organic  remains  ht 
are  buried,  and  from  absonnol  variations  in  the  dcpodtion  of  di 
kinds  of  rock-materisi,  we  shall  find  in  each  group  of  rocks  li 
fossils,  and  sandstone  or  clay  fossils.    A  series  of  groups  of  bet 
will  contain  dilferent  fossils  in  different  parts,  according  t 
the  nature  of  the  rocks,  as  well  as  to  changes  in  physi 
during  the  lifetime  of  the  fossils — clianges  which  i 
tinctly  indicated  to  us  by  uuconformabia  breaks  in  the  strata. 

We  may  represent  this  law  of  the  distribution  of  fossils  bj  ij 
following  diagram ; — 


Fig.  143. 

Let  Fig.  148  represent  a  section  through  n  great  serie!*  of  rtwb* 
up  of  alternations  of  argillaceous  rocks  represented  by  lines,  a 
rocks  represented  by  dots,  and  calcareous  rocks  represented  by  fh*  fl 
band*.     Let  the  series  be  divisible  into  three  groups,  A  B  G  :   ' 
the  lower  group  A  we  may  find  certain  fossils  pecnliar  to  ih 
laceous  bedp,  let  UB  call  those  fossils  the  a  assemblage  ;  curtail 
peculiar  to  the  arenaceous  beds,  let  us  call  those  h  ;   and  otlieis  l» 
calcareous,  which  we  may  call  e.     ThroUf{'"'°t  this  series  of  rocb  B 
peculiar  nssemblngea  of  fossils  may  recur  wherever  we  get  the  [wd     j 
kind  of  rock.     The  a  fossils  in  the  lowest  set  of  clay  be.la  rfl 
replaced  by  the  b  fossils  in  the  sandy  beds  above  them,  bat  the  ii 
would  recur  when  we  examined  the  next  auperior  set  of  clay  bedi 
over  those  we  met  with  a  set  of  limestone  beds,  we  should  find  fi 
fossils  in  them  ;  and  so  as  we  crossed  the  successive  outcro 
:   hf$b|  BIlA  c&me  tA  (A.\ien  nmilas  in  lithological  character  to  thof* 
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d  left,  we  ehonld  find  similar  foeeils  recurring,  the  a  fcj^ih  in  the 
gillaceons  beds,  the  b  foeeiU  in  the  arenaceous,  and  the  c  foMibi  in  the 
<areous.  This  change  in  the  aesemblages  of  fossilB  might  take  plar>2 
aallj,  whether  the  change  in  the  nature  of  the  rocks  took  place 
endlr  as  they  ranged  across  a  country,  or  vertically  aa  the  beib  micr 
■ded  each  other  in  order  of  superposition.  We  ehould  then  include 
»  whole  aeeemblages  a  -f-  6  +  ^,  when  we  »poke  of  the  f'^sftlLt  that  were 
s:iiliar  to  the  whole  group  of  rocks  A.  There  might  aLio  very  po^iMy 
<a  certain  mixture  of  fi.wiLs  thri~>ughout,  or  certain  .-specie?*  might  range 
^ughout,  independent  of  those  which  were  peculiar  to  the  different 
^1  of  rock. 

When  we  passed  beyond  the  limits  of  the  ^Toap  A  int^i  that  of  grr>ap 
"^re  should  then  find  an  assemblage  of  ((jm^iL  of  alt^/gether  a  dlfl^re&t 
hd.  Group  B  might  etioilly  be  niaile  up  of  seCii  of  argillaceoiUy 
anceons,  and  tzxil-zarburLs  roclu  :  and  e<ich  of  the^  itetA  might  contain 
snliar  aasemllai.-^^  of  fo«s-iL>  whioh  recT:rr<^i  1:1  any  part  of  the  group 
^mever  the  peiuliar  kia-i  of  ro»:k  rei;"irreiL  MoreoTw,  there  might 
kittle  or  no  •ii£rer»:ni:e  }>r:tvrKZ,  thi^  clay*  ari'I  ^mtii'bttfmfisi  of  group  B 
K.  thoee  of  :^Toap  A,  ind  thr:  lime-v.nKs4  of  •^■.h.  m'i::ht  \>k  v^ually 
feilar,  io  iLi:  no  cnr  ciold  'L-rir^TL-L  cj^zv^p^tl  "m  }/KtL<  fit  gro^ip  B 
K.  those  of  ^-.ziz-  A  r.r  alt  ■:jj'-r^ni:e  ii  x!c.^.  Li^^tn  of  :?*«  r'-.clL*. 

•    a  single  ?i>=i:i-3-  in  n:  r-; ".-■•. n  :  -.r  "J:-*  ■•j'.ti.ri:'.!  *pe»v.r>!  w-r^lii  4S  4*1 


Vnmld  Lave  az.  ia^rii:':*.A^'-?  -^f  ::»«il^  x^  r-iT  'Jtl.  '•.  .:^    .-it-i  -f,,-  v-r 

«  #  • 

^  call  7.  ai.'i  :>  ^ivz.'!-  '.r.":  ■»-:  siiiT  ^^ul  • :   \z^\  v.^  '-.r-tl  -j-*-*:.'.-.  .Lw-: 

ptculLiT  :*.-s-l1*    :  :ii*T  *t'.'-.-c  Zl     Tlr:  •»JUi'.r.   ;f  :;.-<  iT*a;  ■:..**'.rsro^ 

t  that  ti-^sr:  rx:  ^"^1  •-..'>  i/-:  i»-':Ainr>fl;    •.•;  *.*.   ■..v'^,r.;'.;77.-i..,...:.'>  vji.f.ri 

kn  fr:ii.  .-t  *r'.  ".7,  it'  :'■.•-■.:<  ^•.  i.iij.uKr  ..-.  -.uk  »ji.v.»*  ir*a;:  ««rjy« 
.■:ii  L  : -/K  ./i   :#'**  r/f'.v-AfSiLii   ;f  .r^ri.-..,-,  .--r.-.a../.!*.  * 

The  ;-"r. ■-*.-  •',  n^i'.r.  _:  l,j£.-   v«i;;a.irr  /ji  > -.  .:-<    i«-j:.. .«■>:■.'::*  'i>^r.i« 

sani^'  Li  :--rr:;-'  ^a.-.*  .:'  mi*  ,r  .'iv,  u*  v. «.-:.. •..i  i*i  ./.»-  i., •.•:*«  :•'  .".'•.•€ 
irre*i.  :'i-:  "^i^  u-,  j--»^ni.u4ii'r  .  ^  ?<  -  *  -.♦•■.•.•ji  "iii*.  ;•»:■: :...i.'  .V.*»j»i«*  /  ■', 
his  •:.*«  ^-rr-:  j-  ii.  '-ii'-  !;:'i.niii.  •..•.;    ir.i:  .'.1.  ,•%"-.♦•;  /  f.i;  .air,f.i*Mnt 

|p«  •--±,Js4  V  ^r.«-.   ^cC  Ulril   yiimUW.    ill .t lull   ■.Mir:-V**f-    1. 1 .'•.'•-. ''Vf'., 
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must  have  taken  place  during  a  long  lapse  of  time,  to  allow  tl 
of  B  to  disappear,  a:id  their  places  to  be  tak^n  by  thoee  of  C. 

The  stuilent  moEt  not  erpect  often  to  find  fonnitimu  ix 
Buch  a  frei^uent  recurrence  of  different  kinds  of  rock,  &11  fowili! 
we  have  sup^iosed  in  the  diagtam,  and  each  assemblage,  dtlit 
smaller  single  groups,  or  of  their  triplicate  unions,  bo  neatlj  distil 
from  each  other  as  is  here  repraaented.*  Saffident  eiampies.  1 
conld  be  eaaily  addnced  to  show  the  t«Qdeiicy  of  natural  q 
towards  sach  a  state  of  things,  and  that,  if  dicumBtaneca  h»d  aJ 
the  production  of  alternating  groups  of  beds  all  containJDg  tbp 
of  the  HTiinipU  that  lived  during  the  periods,  on  the  different 
Bca->bottoni,  ve  should  then  have  had  a  series  answering  to  the  i 
posed  al>ove.  This  would  have  bean  the  case,  indeed,  thiuu(!' 
whole  series  of  stmlified  locks,  if  it  had  be«n  possible  for  it 
of  beds  and  entombment  and  preservation  of  organic  remaint 
been  continuona.  The  deposition  of  the  materials  of  rock.  I 
has  been  irregular  and  interrupted,  the  beds  of  each  giMt  fi 
hiiviiirr  boen  furuieil  at  iutcirals,  willi  long  pauses  of  non  yir 
between  them.  When  we  add  to  this  the  fact  that  the  chasce 
the  entombment  and  preservation  of  organic  remains,  especialh 
and  sands,  must  alwajrs  have  been  many,  and  that  our  series  < 
contains  but  a  few  scattered  fragments  of  the  vast  series  of  fort 
which  have  inhabited  the  globe,  we  shall  feel  at  once  that  we ' 
from  them,  at  least  in  the  meanwhile,  only  faint  sketches  of 
which  have  governed  the  distribution  of  these  forms,  and  that 
not  look  for  a  perfection  and  completeness  of  evidence  which  tl 
of  the  case  renders  impossible. 

The  QeograpIiioBl  Distribntion  of  Speoies  in  past  tlm« 
geologists  first  learnt  that  groups  of  rock-beds  were  very  wid( 
over  large  areas,  and  occurred  in  a  certain  order  of  superpositi' 
these  areas,  and  when  they  gave  names  to  those  groupx  den 
their  lithological  character,  such  as  "  the  Chalk,"  "  the  Ooli 
Mountain  Limestone,"  "  the  New  or  Old  Red  Sandstone,"  t 
rally  were  inclined  to  extend  the  boundaries  of  such  group 
indefinitely,  and  to  suppose  that  the  veiy  same  kinds  of  rock 
found  in  the  same  order  of  superposition  in  all  parts  of  I 
Travellers  did  not  hesitate  to  speak  of  the  groups  of  rock  w 
fonnd  in  new  countries  by  these  names,  trusting  simply  to  tl 
of  the  rock  for  their  identification.  In  like  manner,  when  m< 
was  taken  of  the  fossils  contained  in  these  "  formations,"  and 
looked  to  them  rather  than  to  mineral  characteis  for  their  : 
Hon  of  a  formation,  they  were  at  first  naturally  inclined  to 
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that  these  fossils  would  be  common  to  the  same  formation  all  over  the 
earth.  There  is  often  a  much  closer  resemblance  in  the  organic  re- 
mains found  in  distant  parts  of  the  same  formation  than  there  is  in  its 
lithological  characters  ;  neyei*theless  there  is  in  many  cases  a  difference 
in  the  species  which  is  due  to  the  influence  partly,  perhaps,  of  difference 
in  climate,  but  chiefly  to  the  fact  of  the  sporadic  origin  and  consequent 
ge<^raphical  limitation  of  species. 

Even  in  the  earliest  periods  of  the  earth's  history  which  we  know 
anything  about,  the  species  of  the  genera  or  orders  which  existed  in 
those  times  were  evidently  limited  to  certain  provinces,  as  species  are 
now.  Different  species  having  come  into  existence  at  certain  spots  in 
different  parts  of  the  earth,  the  individuals  of  those  species  spread 
around  their  centres  so  far  as  "  climate  "  (i>.,  all  surrounding  circum- 
stances, including  food),  allowed  of  their  diffusion. 

As  climate  Ib  so  much  modified  by  the  distribution  of  land  and  sea, 
and  of  high  and  low  land,  shallow  and  deep  sea,  and  the  variation  in 
the  cnrrents  of  air  and  water,  it  follows  that  since  the  places  of  land 
and  sea  have  been  continually  changing,  the  climates  of  different  parts 
of  the  earth  must  have  been  frequently  modified  ;  and  we  know,  from 
facts  which  will  be  hereafter  described,  that  the  climate  of  the  whole 
earth  has  also  varied.  The  position,  the  size,  and  the  number  of 
biological  provinces,  then,  may  have  varied  very  greatly  at  different 
periods  of  the  earth's  history.  There  may  have  been  formerly  only  a 
few  lai^e  provinces  like  that  of  the  Indo-Pacific  ocean  of  the  present 
day.  This  may  especially  have  been  the  case  if  the  climate  of  the 
earth  generally  were  once  more  equable  than  it  is  now,  with  leas  cold 
in  the  polar  regions,  and  possibly  no  higher  temperature  within  the 
tropics  than  is  felt  in  the  equatorial  islands  of  our  own  times.  Under 
such  circimistances  it  is  most  probable  that  in  former  times  the  cosmo- 
politan species,  or  those  which  ranged  over  the  whole  earth,  may  have 
been  more  numerous  than  they  are  now.  Still,  however  the  examples 
of  the  rule  may  have  varied  from  time  to  time,  it  is  very  important  to 
note  that  the  law  of  the  geographical  limitation  of  species,  both  laterally 
and  vertically,  has  always  prevailed. 

In  examining,  therefore,  the  distribution  of  fossils  in  different  parts 
of  the  earth's  crust,  we  must  bear  in  mind  that  there  are  three  causes 
of  change  in  them  : — 

1.  First  of  all,  within  the  same  biological  province  there  may  have 
been  differences  in  the  '^  stations,"  to  use  the  naturalists'  phrase  ;  that 
igy  the  place  where  the  fossil  was  buried  may  have  been  at  the  time 
either  sea  or  fresh  water,  deep  or  shallow  water,  near  shore  or  far  from 
it,  having  a  muddy  or  a  sandy  bottom,  or  being  a  sea  clear  of  sediment ; 
and  the  fossils  entombed  at  these  different  stations  of  the  province  may 
have  varied  accordingly. 
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2.  Secondly,  we  may  pass  from  one  ^  pioviiiee'*  into  tnoliher,  tiie 
two  proyinces  having  been  inhabited  by  different  but  oontanpozaiieou 
groups  of  species. 

3.  Thirdly,  there  may  have  been  a  difiference  in  ^  tnaoey"  dmiBg 
which  a  general  change  had  taken  place  in  the  apecieay  thoee  fonncdj 
eyjrting  having  become  extinct,  and  others  having  come  into  eiiitiMi 
which  had  not  previously  appeared  on  the  globe. 

DiflUmlty  in  determining  tlie  Oontemporaneitr  of  Distant  Vohm* 
tiUma. — ^It  has  been  stated  in  the  preceding  chapter,  that  a  change  is 
the  physical  circumstances  of  a  district  may  cause  either  a  locsl  or  t 
total  extinction  of  species,  according  to  the  rate  and  amount  of  tb 
change.  If  the  change  operate  slowly  and  gradually,  the  individuabaf 
the  species  may  have  had  time  to  travel  with  it,  and  to  settle  themseliv 
in  a  new  area,  even  as  a  consequence  of  the  change.  Moreover,  if  a^f 
species,  originating  in  a  certain  spot,  become  subsequently  coamopolita^ 
or  very  widely  spread,  this  diffusion  may  require  a  vast  period  of  tiiii% 
so  that,  even  if  the  existence  of  the  species  be  of  equal  length  at  diier 
ent  parts  of  the  globe,  the  dates  of  its  commencement  and  extinctka 
may  have  been  widely  different  in  those  parts.  It  may|have  ent 
become  extinct  in  its  original  centre  before  it  reaches  some  of  the  moie 
distant  parts  of  the  whole  area  occupied  by  it. 

The  fact  of  particular  species,  then,  being  common  to  the  rocks  d 
two  distant  localities,  is  by  no  means  a  proof  of  their  being  exaeig 
contemporaneous  in  point  of  time.  It  may  prove  the  very  reverse  d 
this.*  Such  strict  coutemporaneity  in  the  rocks  of  distant  localines  ii 
probably  a  very  rare  occurrence,  and  one  which  would  be  very  difBolt 
to  prove.  In  speaking  of  the  contemporaneous  rocks,  therefore,  of  twt 
localities,  the  student  must  be  prepared  for  a  sufficiently  lax  use  of  tki 
term  to  include  great  periods  of  time.  Beds  deposited  in  the  Engliik 
Channel  before  the  Romans  visited  Britain,  would  be  looked  upon  lif 
future  geologists  as  strictly  contemporaneous  with  beds  forming  now  it 
the  Irish  Sea,  should  the  two  districts  become  dry  land  ;  and  pastdate^ 
separated  by  actual  periods  far  more  vast  than  any  included  witbB 
historic  times,  would  be  equally  looked  upon  now  as  contemporaneoo; 
the  length  of  time  thus  uncertainly  determined  increasing  probabltf 
with  the  distance  between  the  two  localities  where  the  rocks 
observed.t 

*  See  De  la  Beche's  lUMareha  in  Thwniiodl  Geology,  dutps.  xL  and  xiL 
t  Professor  Huxloy,  in.  1862,  propo8ed4to  disuse  the  teriD  contemporaneity  aa  ttpj^Oti^ 
two  distant  formations  with  the  same  assemblage  of  fossils,  and  to  use  in  its  stead 
taxis  "  (or  "  similarity  of  order"),  thereby  indicating  that  the  order  of  organic  soo 
the  same  at  both  places,  without  necessarily  impljring  synchronous  growth.  He 
that  "  for  anything  that  Geology  or  Palseontology  are  able  to  show  to  the  contnuy,  a  De*** 
nian  fkuna  and  flora  in  the  British  Islands  may  have  been  contemporaneous  with  ShoJ* 
life  in  North  America,  and  with  a  carboniferous  f)uma  and  flora  in  Afiica."- 
OtoL  Soc,  xvlii.  p.  xItL 
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These  prindpleB  have  always  inflnftnced  me  from  my  earliest  geo- 
Mal  day&  In  Bpeaking  of  the  Coal-measures  of  Newfoandland^  in 
leport  *  on  the  geoLogy  of  that  coontry,  I  limited  myself  to  calling 
H  the  Jfetrfaundland  Coal-meaiurei,  leaving  their  identity,  or  other- 
1^  with  the  Ooal-measnres  of  other  districts,  an  open  question.  Not 
cng  found  any  fossils  in  them  in  my  necessarily  hasty  search,  the 
pfonndland  Coakneasnres  might  he  Tertiary  rocks  for  anything  I 
d  say  to  the  contrary.  Similarly,  in  speaking  of  the  Fal^ozoic 
a  and  fossils  of  Australia,  I  peferred  always  to  speak  of  them  only 
•Issoioic,  and  forhore  to  discuss  the  question  of  their  identity  in 
the  Silurian,  Devonian,  or  Caihoniferous  periods  of  Europe, 
even  the  identity  of  one  or  two  spedes  (if  it  oecnr)  is  not 
Betfaer  sufficient  evidence,  t 

faea— tty  tor  setttfaic  the  cnircmologleal  Olsarifleatton  of  aadtlarsa 
t  flspantelyv  befara  tonnins  one  tor  tba  wbole  BartiL — ^It  tcHlomUf 
i  irhat  has  been  stated,  that  in  order  to  avoid  error,  each  great 
iet  of  the  earth,  such' as  Europe  or  North  Amerifli,  diould  be  sur- 
kd  separately,  without  reference  to  anything  out  of  the  district,  and 

the  order  of  superposition  of  its  strata,  and  their  classification  into 
ipa  or  formations,  should  be  settled  independently,  on  evidence  to  be 
kd  in  that  district  only.  When  this  has  been  done,  the  two  series 
'  then  be  compared,  snd  the  synchronism  of  difEerrent  pacrts  of  each 
rbe  decided  on. 

Western  Europe  (Britain,  France,  and  Germany),  but  En^dand 
A  especially,  SLJETords  an  admirable  type  of  a  geological  diJitrict, 
■i  the  examination  of  which  a  clironologieal  scale  of  claMifica- 
>&  tan  be  constructed,  with  which  to  compare  the  seriM  of  rocks 

ather  parts  of  the  worid.  CSare  must  however  always  be  taken^ 
Ift  thia  comparison  with  Biitbh  or  European  formations  be  not 
ikd  too  fiff,  untfl  the  district  to  be  eomparefl  haji  le^m  worked 
k  thorooghly  on  its  own  independent  evidence.  The  British  scale  of 
So^  although  the  most  eomplete  anywhere  yet  known  within  any  one 
4riet  of  anything  like  tqvMl  extent,  rnuit  not  therefore  lie  mmntwifi 
\t  fexitctj  or  to  be  absolutely,  iat^e^d  of  comparutr^lyy  moxplete, 
m  series  of  fama^jDJk  even  in  Britain  u  foil  of  ^pn,  whi^^  art  known 
3  acknowledged ;  those  wiueh  are  stxU  in»i»p(wted  are  probably  i/oSL 
ve  irainerotts.  Many  of  the  ionnatio&s,  or  gro^xpii  of  .ttratdM  tvJkh 
other  parts  of  the  worid,  whkh  were  at  ow^  tcme  thoosdkt  V>  be  ^Xr 
aporaneous  with  Brisiih  formaaioTki,  are  aow  knr/wn,  or  beHeved,  to 

more  or  less  infienuidiate  becw.^^tk  them  ;  or,  to  dio^  the  Mm 
WitfiinwiTsmT^f/  the  kmrnims  €k  ^jmnaX  ocider  of  nsy^essKou  l^ 


njr,  ia«l 
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more  complete  in  the  one  case  than  in  the  olliflr.  Hut  iiiteictlitknrf 
periods  of  formation  in  different  parts  of  the  earth,  and  ercn  in  diffani 
parts  of  the  same  district,  will  probably  haye  to  be  still  nuoe  eitai* 
lively  employed  hereafter. 

dassifloation  of  Oroups  of  Beds  by  maana  of  their  Joaril  OimlMti 
^If  we  take  the  British  Islands  or  any  other  good  typical  portioii  of 
the  earth's  surface,  and  examine  its  subterranean  stmctore,  we  shall  hi 
that  it  is  made  up  of  a  vast  series  of  yariously  inclined  strata,  wUA 
appear  at  the  surfkice  in  consequence  of  their  ^  rising  *  or  ^  aoppaag* 
out,  one  from  under  another.  This  great  series  is  not  a  oontinuons  m^ 
cession  of  beds,  neither  are  the  beds  all  of  one  kind.  The  oocarad 
breaks  in  the  position,  and  the  changes  in  the  lithological  charactoi  d 
the  beds,  have  afforded  geologists  the  means  of  separating  the  great  semi 
into  groups,  to  which  special  names  have  been  given.  Most  of  ths 
groups  contain  fossils,  some  of  them  most  abundantly,  large  parti  cf 
them  even  consisting  entirely  of  organic  remains.  It  is  obvions  that  it 
such  a  series  of  groups  the  lowest  must  be  the  oldest  or  first  fonne^ 
and  that  as  they  were  deposited  in  succession  one  over  the  othOt 
the  newest  must  be  the  uppermost 

Now  it  lias  been  discovered  that  each  of  these  great  groups  has  M 
assemblage  of  fossils  peculiar  to  it ;  so  that  the  general  assemblage  of 
fossils  found  in  one  group  is  not  found  in  any  other  group,  either  sbore 
or  below.  As  minor  exceptions  to  this  rule,  particular  species  of  foMh 
seem  occasionally  to  range  into  two,  or  perhaps  even  three  adjaeent 
groups,  occurring  perhaps  in  the  upper  part  of  one  group,  raogiif 
through  the  whole  of  the  group  above  it,  and  appearing  in  the  lowtf 
part  of  the  group  above  that.  Some  species,  on  the  other  hand,  ant 
found  only  in  a  very  small  part  of  one  group,  either  throughout  the  latenl 
extension  of  the  beds  wherever  they  occur,  or  sometimes  limited  ti 
some  small  locality  in  those  beds.  What  is  true  of  individual  speciei 
is  true  also,  with  a  more  general  and  wider  application,  of  the 
and  families  into  wliich  these  species  are  grouped  for  classification. 

When  a  single  species  occurs  abundantly  in  one  or  two  bedi 
throughout  tlieir  extension,  we  may,  if  we  find  it  convenient,  make  t 
sub-group  of  those  beds,  and  give  them  a  distinct  name,  taking  tk 
occurrence  of  tliis  species  as  their  characteristic.  Such  a  small  set  d 
beds,  whether  its  characteristics  be  thus  palffiontologicol  or  merely  litho- 
logical, is  often  very  useful  as  giving  us  a  ''  horizon,"  and  enabling  v 
to  determine  which  are  the  beds  above  and  below  it  wherever  we  find 
a  portion  of  the  set  exposed. 

When  a  single  species,  or  an  assemblage  of  several  species,  oocon 
in  a  group  of  rocks,  whether  large  or  small,  and  has  never  been  fonnd 
except  in  that  group  of  rocks,  and  is  almost  always  found  wherever  the 
group  extends,  we  may  speak  of  these  as  the  characteristic  species  of  the 
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oiip.  It  oocaflsonally  happens  that  the  f oflsUa  of  snch  a  group  aie  a6 
■rly  allied  biologically  that  nataralists  f oim  them  into  a  geniUy  or 
to  one  or  two  genera,  which  may  then  be  spoken  of  as  equally 
iracteristic.  Sometimes  a  genus,  or  one  or  two  genera,  will  range 
nagh  several  adjacent  groups  of  strata,  and  these  groups  may  them- 
res  admit,  either  from  these  pakoontological  or  from  other  characters, 
b«ing  classed  together  as  a  larger  and  more  general  group.  In  this 
f  we  have  single  beds,  sets  of  beds,  sub-groups,  and  groups  of  beds, 
i  these  are  spoken  of  as  '^  formations"  or  ^  systems,"  according  to  the 
kotrtance  attached  to  their  characteristics  by  their  describer^  or  by 
logiBts  generally. 

It  follows,  from  these  statements,  that  when  the  order  of  succession 
tlie  groups  of  rocks  has  been  established  by  direct  observation  in  one 
kKMt,  and  the  characteristic  fossils  of  each  group  have  been  examined 
L  dttcribed,  these  fossils  may  be  used  to  identify  the  groups  in 
vther  district,  where  perhaps  their  order  of  succession  is  not  open  to 
act  observation.    It  also  follows  that,  having  thus  once  established 

€xider  of  succession  of  the  different  forms  of  organic  beings  in  one 
t  of  the  world,  we  are  able  to  compare  with  each  other  the  rock- 
ups  of  widely-distant  parts  of  the  earth,  and  approximately  establish 

homotazis,  if  not  the  ctmtemporaneity,  of  those  which  contain  similar 

ftnic  forms. 

Xmw  of  Approximation  to  Idving  Forms. — ^If  we  walked  attentively 

OQgh  a  museum  iu  which  there  is  a  tolerably  complete  collection  of 

nmcteristic  fossils  derived  from  the  principal  groups  of  stratified  rocks 

one  district,  and  these  fossils  are  arranged  as  assemblages  in  the  order 

superposition  observed  by  the  rocks  from  which  they  were  taken, 

could  hardly  fail  to  arrive  at  some  such  conclusions  as  the  fol- 
ring:— 

l!he  shells,  the  Crustacea,  echinodermata,  and  corals,  from  the  upper- 
^  or  newest  rocks,  would  seem  quite  familiar  to  us.  Some  of  the 
KIDS  might  be  absolutely  identical  with  those  of  species  now  living, 
4  even  those  which  we  could  not  identify  with  any  that  we  knew 
^here  living  would  still  have  a  familiar  aspect,  and  closely  resemble 
Que  living  forms.  If  we  then  continued  our  inspection  in  descending 
eder  through  the  different  assemblages  of  fossils  brought  from  lower 
Qd  lower  (t  z.  older  and  older)  groups  of  strata,  the  forms  of  life  would 
Beome  more  and  more  strange  and  unfamiliar  to  us.  This  strangeness 
onld  be  more  striking  in  proportion  as  o^nr  knowledge  of  living  forms 
H  accurate  and  exact.  The  conchologist,  supposing  him  to  have  never 
ien  fossil  shells  before,  would  be  at  once  able  to  declare  the  generic 
unes  of  those  coming  from  the  newer  formations,  even  if  the  species 
ere  new  to  him.  He  would  say  ^  This  is  a  Volute  or  a  Cone,  this  is  a 
enos  or  an  Area,  although/  he  might  add,  **  I  never  tan  ouft  ViAQt^ 
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h&Ting  tlMt  preeJM  fona  and  thcwe  spedfio  ehaaeten."  Bot  ■  )■ 
tmced  the  Mries  toworda  the  older  gronps,  not  onlj  would  ba  ti  i 
the  i^iedei  of  still  exuting  genera  beccming  atnoigra  aod  nnff 
bat  he  would  find  more  and  mora  fomu  to  which  he  coold  fftt  ■ 
generic  names  at  alL  He  would  hare  to  iarent  nmr  ittaffaSou,^ 
to  define  oi  describe  new  genetic  gnttpa  in  which  to  jdaea  Am  A 
■hellH,  so  gieatlj  would  theii  characten  diTcrge  from  aiiy  of  Ik  if 
■criptioni  or  definitions  of  recent  aheUs.  The  profenor  cf  ill  iM 
bnnchea  of  Natural  Eiatoty  would  find  him«elf  in  jHedielj  ikfe 


The  concluBioiig  to  be  drawn  from  theae  laijB  an  beet  italad 
another  and  more  uatDTal  way.  The  aniroaLi  and  plants  living  in  I 
eailier  periodi  of  the  earth's  geological  hiito^  weie  itey  difiereot  fM 
thooe  which  now  exist  upon  the  globe  ;  and  then  hai  been  during  <B 
racceeding  time  a  roceeaaion  of  freah  apedea,  showing  a  giadual  afpioBr 
roatioii  in  fonn  to  those  which  now  edat  Not  only  did  the  older  tpaa 
perish  one  after  the  other,  bat  nioet  of  the  older  geneia,  some  hmSm 
and  even  a  few  orders,  have  died  out,  while  those  that  encceeded  tfa« 
from  time  to  time  ahowed  forms  which,  with  many  occttsional  dei 
gradually  grew  more  and  more  like  thiiae  that  now  live.  One  or  t** 
apecies  came  at  length  into  eiiatence  which  atiU  surrire,  and  thew  mn' 
apccies  become  more  and  more  numeruoa  until  we  arrive  at  the  i  '  *  ~ 
populatioQ  of  the  earth.  The  extinction  of  species  ia  still  go 
man  himself  being  now  the  moat  active  exterminator.  Whether  U* 
apeoiea  have  come  into  existence,  aince  the  introduction  of  man  hinrf 
ia  a  problem  of  which  a  adution  is,  at  present  at  leaat,  impossible. 

It  appears  from  the  above  statement  that  the  existing  Kptaa  ' 
animals  and  plants  came  into  being  slowly  and  gradually  ;  but  not  odf 
was  this  the  case  with  the  species  now  living,  but  it  muat  have  be* 
always  the  cose  at  every  period  of  the  earth's  history.  The  law  of  •* 
cession  of  species  reigns  throughout.  Hod  any  intelligent  being  lii* 
in  one  of  the  Iat«r  Paloiuzoic  or  earlier  Secondary  periods,  be  coaM  bm 
stated  bis  paloDontolt^cal  reseorcbea  in  the  tame  terms  we  odikItO 
use.  The  now  extmct  organic  assemblages  of  that  period  would  tk> 
have  conatituted  the  "  existing  "  or  "  recent "  species,  and  ample  erite* 
would  have  been  found  in  the  then  recently  deposited  rocks  {molt  <* 
which  have  been  long  agfi  destroyed),  of  the  gradual  coming  in  of  (!>'*' 
species,  and  of  their  mingling  with  species  which  bod  then  bMO* 
recently  extinct  in  rocks  deposited  just  before  the  commencement  of  tl* 
period. 

Duration  of  Bpscdas  proportionate  to  tbelr  Fla«e  fn  tlia  8o*l*  ^ 
ItxUtenoe. — It  is  on  obvious  truth  that  the  lowest  forms  of  animal 
are  the  most  abundant,  and  this  abundance  increases  in  propottion  I* 
their  minuteness.     It  will  follow  &om  this  that  small  forma,  low  in  A> 


ExrmcnoK  and  hok-bxcuerekge  of  species.      605 

,  will  last  longer  thaii  bigfaer  and  laiger  foims,  in  conseqnence  of 
*  maltitode  bdng  so  great  as  to  render  it  difficult  for  any  hoetile 
-M«tiwiftft»  to  exterminate  them.  This  is  in  harmony  with  the  &ct8 
•ome  species  of  Ibraminifera  now  existing  are  the  oldest  of  existing 
jea  ;  that  the  species  of  moUnsca  are  longer  lived  than  those  of  fish, 
much  longer  than  mammalia ;  and  that  the  species  which  range 
ag^  two  or  three  gronps  are  rarely  higher  than  brachiopoda,  or 
fr  class  of  similar  rank. 

Vonna  onoe  Ssctinot  nerer  re-i^paar. — It  is  ako  certain  that 
Lcs  which  have  once  become  extinct  have  never  been  again  brought 
existence ;  and  this  is  true  also  of  gronps  of  species  (genera,  fiunilies, 
Ds).    There  is  no  known  instance  of  any  specific  f onn  which  has 

fairly  died  out  ever  making  its  appearance  again  in  the  deposits  of 
subsequent  period  ;  and  this  Ib  true  of  many  groups  of  allied  forms. 
>e  are  no  Qraptolites  in  rocks  more  recent  than  the  Silurian,  no 
felntes  in  any  rocks  more  recent  than  the  PkilsBoxoic,  no  Ammonites 
MXf  rocks  more  recent  than  Cretaceous,  and  so  on.  Nevertheless 
»  genera,  such  as  Lingula  and  RhynehoneUa  among  brachiopodous 
l^es,  and  Nautiha  among  cephalopoda,  have  survived,  as  genera^ 
Ugh  a  long  succession  of  species,  from  the  earliest  known  ages  down 
te  present  day.  These  are  called  by  Professor  Huxley  ''  persistent 
a.- 

Kipposed  Destmotion  and  Sadden  Introdtiotion  of  Assemblages  of 
kies  a  Mistake. — Some  geologists,  trusting  to  the  fact  that  small 
ips  of  beds  can  in  some  cases  be  found  resting  directly  one  on  the 
T,  and  containing  different  groups  of  fossils,  supposed  that  this 
t  have  been  in  each  case  the  result  of  the  sudden  and  wholesale 
ruction  of  one  race  of  animals  and  plants,  and  the  wholesale  in- 
action of  a  new  race.  This  supposition  rested  on  the  entirely  un- 
^antable  assumption  that  these  groups  of  beds  were  deposited  in 
e  localities,  not  only  consecutively,  but  with  short  absolute  intervals 
Une  between  them.  Wherever  we  get  a  great  formation,  or  system 
>tmations,  such  as  the  Carboniferous  system  of  the  British  Islands, 
«re  able  to  trace  it  over  a  considerable  area,  and  study  all  its  varieties 
tUerstratification  of  groups  of  rock,  we  find  the  same  characteris- 
pecies  or  assemblages  of  generic  forms  ranging  throughout  a  great 

or  the  whole  of  its  strata.  We  may  find  the  characteristic  plants 
^  lower  part  of  the  formation  in  some  localities,  while  in  others 
^  may  be  confined  to  the  upper  parts,  and  conversely  we  may  get 
animal  remains  which  are  usually  confined  to  the  lower  parts, 
^ing  their  appearance  also  in  the  upper  parts  wherever  circumstances 
s  favourable  to  their  life,  and  to  the  preservation  of  their  remains 
r  death.  We  are,  therefore,  perfectly  warranted,  by  those  positive 
lencea  in  its  favour,  in  taking  as  a  rule  the  great  dmatioU)  «sA  \Xi^ 
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alow  and  gradual  extinction  of  any  fauna  and  floiiL  Wlmva  ne^' 
the  other  hand,  with  rapid  changea  in  the  ib«il  oontftnta  <£  ml^fi* 
few  beds  resting  on  each  other,  the  legitimate  oondiuion  i%  ihit  ii  Ait 
particular  locality  only  a  few  beds  happened  to  be  depositod  daif 
each  of  the  great  perioda  which  elapsed  while  ihoae  sncoeHfe 
and  flora  inhabited  the  earth.  When  the  beds  are  caiefiilly 
and  widely  traced,  thia  conclusion  ia  alwaya  supported,  eitkrlf 
physical  evidence  proving  the  discontinuity  of  their  depoaifcioD,cr(li 
by  finding  other  areas  in  which  the  small  seta  of  a  iew  bedi  e^ 
into  great  formations. 

UntmatworthinMs  of  Negatira  Bridanoe  in  PalsMmtoIogioal  8P>* 
lationa. — ^Arguing  from  what  we  now  know,  it  appears  that  the  eiA" 
life  on  the  globe,  during  the  Laurentian  period,  waa  that  of  laigBi*' 
building  foraminifera.  It  seems  very  difficult  to  suppose  thit  ^ 
existed  by  themselves.  Animal  life  now  is  bound  together  1^^ 
uniting  species  to  species  in  such  a  way  that,  if  you  destroy  one,  fO>* 
all  probability  exterminate  another  which  in  some  way  depended  <i^ 
and  it  seems,  therefore,  almost  an  impossibility  to  imagine  s  ^ 
inhabited  by  only  one  or  two  species  of  animals.  Waiving  tint  tt** 
sideration,  however,  we  have  in  at  least  the  dosing  records  of  the  nfl* 
period  certainly  a  variety  of  crustacean  and  molluscan  life,  ^^  * 
the  succeeding  or  Silurian  period  we  find  remains  of  fishes,  ■* 
then  of  reptiles  in  the  Devonian,  or  at  least  in  the  Carbonifa'* 
Still,  in  all  the  Pala)ozoic  series  of  rocks,  there  has  yet  been  no  ta* 
found  of  a  mammal  or  a  bird  In  the  very  lowest  subdivision  of  «■ 
Mesozoic  series,  however,  namely  the  Trias  (though  in  its  upper  M 
which  is  called  the  Keuper),  the  tooth  of  a  mammal  has  occurred,  0^ 
in  some  still  newer  rockis  the  tracks  of  gigantic  birds  and  the  jtvs  ^ 
several  manmials. 

Now,  it  may  be  that  we  have  in  these  facts  a  true  picture  of  t» 
course  of  creation  ;  that  during  the  earlier  Pakeozoic  periods  no  Vert^ 
brata  existed  ;  that  at  length  fishes  and  then  reptiles  were  introdocA 
but  that  long  ages  still  elapsed  before  birds  and  mammalia  were  pi*'" 
upon  the  globe.  On  the  other  hand,  this  may  he  only  the  apptf*^ 
and  not  the  real  course  of  creation  ;  it  may  appear  to  us  so,  solely  fr* 
the  deficiency  and  imperfection  of  our  records.  A  single  discoTeiy' 
a  fish-scale  or  a  fragment  of  a  reptile  in  the  Lower  Silurian  or  C^ 
brian  rocks  would  greatly  damage  the  hypothesis  ;  a  tooth  of  a  nianUB* 
in  the  Palaeozoic  rocks  would  upset  it  altogether.  Negative  evident 
should  never  be  taken  at  more  than  its  true  value,  and  the  process  reqw^ 
to  be  indeed  an  exhaustive  one  before  the  non-existence  of  a  thing  <> 
be  held  to  be  established,  because  we  have  not  yet  been  able  to  find 

The  existence  of  Mammalia  in  the  Secondary  rocks  was  long  combated.    ^ 
one  or  two,  and  then  five  small  under  jaws  wei«  found  in  the  Stonesfield  Oolr 
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Bnt  thew  mn  mipposed  to  be  mamipial  only,  tbat  la,  to  belong  to  the  lowest 
tlie  If  unmmlift ;  then  Profenor  Owen  showed  that  one  tt  least,  the  Sterto- 
ikut  oolUieuM,  was  a  placental  Tnaimnal,  probably  one  of  the  non-mminant 
lodactyla,  and  therefore  of  the  same  division  as  onr  hippopotami  and  swine  ; 
thar  placental  Tnammal,  Spalaooihentim,  one  of  the  Insectiyora,  was  found  in 

pDrbsck  rocks;  and  erentoally,  by  the  labonrs  of  Mr.  Brodie  and  Mr. 
Uea,  no  lees  than  twelve  or  thirteen  new  speciee  of  wt^mTnala  were  found  in 
■■me  formation.  These  were  determined  by  Professor  Owen  and  Dr.  Falconer 
i«lQiig  to  eig^t  or  nine  genera,  Trieanodon,  Plagiaulax,  etc.,  some  marsupial, 
m»  plaoentid.  They  were  all  found  in  one  bed  not  more  than  six  inches  thick, 
'Within  a  space  of  twenty-two  yards  square.  Sir  C  Lyell  remarks  on  the 
"ing  of  these  discoveries  on  the  value  of  negative  evidence,  as  foUows  .* — ^The 
beck  rocks  **  have  been  divided  into  three  distinct  groups  by  Forbes,  each 
meterised  by  the  same  genera  of  pulmoniferous  moUusca  and  cyprides,  bnt 
•  genera  being  represented  in  eadi  group  by  different  spedee ;  they  have 
&»d  insects  of  many  orders,  and  the  firuits  of  several  plants  ;  and  lastly,  they 
sill  aereral  'dirt  beds,'  or  old  terrestrial  surfaces  and  soils,  at  difltarent 
b^  In  some  of  which  erect  trunks  and  stumps  of  Cycads  and  ConiifonB,  with 
r  roots  still  attached  to  them,  are  preserved.  Tet  when  the  geologist  inquires 
y  land  animals  of  ahigher  grade  than  reptiles  lived  during  any  one  of  these  three 
BdCy  the  rocks  are  all  silent,  save  one  thin  layer  of  a  few  inches  in  thickness  ; 
%him  single  page  of  the  earth's  history  suddeiiily  reveals  to  us,  in  a  few  weeks, 
■Mmorials  of  so  many  species  of  fossil  mammalia,  that  they  already  outnum- 
ilioae  of  many  a  subdivision  of  the  tertiaxy  series,  and  fu  surpass  those  of  all 
tther  secondary  rocks  put  together !" 

Kveh  a  thin  seam,  one  of  those  small  exceptions  in  the  great  series  of  aqueous 
1^  which  contains  the  remains  of  land  animals,  might  Ue  hidden  for  centuries 

in  the  formations  which  are  most  searched  by  the  quarryman,  miner,  and 
ij^lst,  or  might  be  frequently  passed  through  by  the  two  former,  without 
^  been  sufficiently  examined  by  the  latter.  Great  as  have  been  the  labours 
r^Bseaiches  of  geologists  hitherto,  we  can  only  look  upon  them  as  but  having 
k  ft  commencement,  and  laid  the  foundation  for  more  complete  discoveries 
r  made  in  the  future. 

ftpplicMUion  of  the  Hypotheaia  of  *'  Natural  Seleotion  **  to  Falsson- 
ftyw — Mr.  Darwin*8  hypothesis,  that  varietieB  are  incipient  species, 
Aj  other  reasonable  hypothesis,  of  the  slow  and  gradual  evolution 
[feecies  from  preceding  species,  would  agree  well  with  the  known 
»  whether  palseontological,  lithological,  or  petrological,  that  we 
»  with  in  investigating  the  structure  of  the  eaith*s  crusts  There 
Wo  classes  of  facts  in  the  study  of  fossils  which  would  be  naturally 
Bcable  on  such  a  hypothesis,  and  seem  difficult  to  account  fur 
dnt  it. 

w «  It  is  of  course  impossible  to  apply  the  test  of  sterility  or  fertility 
«  flftndj  of  fossil  species.  The  palseontolpgical  biologist  is  reduced 
^  comparison  of  forms  only,  often  merely  of  parts  of  forms.  The 
mlty  of  distinguishing  between  species  and  varieties  presses,  there- 
still  more  strongly  on  him  than  on  the  biologist,  who  studies 
g^  beings  only.  This  difficulty  occurs  to  the  palssontologist  when 
ring  a  number  of  fossils  derived  from  the  same  bed  of  rock, 
Krhich  were  therefore  all  oontemponuieoas  with  each  ot^kta.    '^xiX 
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when  he  has  a  great  series  of  beds  to  deal  with,  and  to  tiaea  oae « 
more  species  thioagbout  this  series,  he  meets  with  anodifir  pha 
of  the  difficulty.  Certain  forms  may  be  met  with  in  the  lovcrM 
that  seem  to  be  perfectly  distinct  species  £rom  othen  in  tiie  m^ 
beds,  although  allied  to  them,  bat  he  will  in  some  eases  meetvik 
intermediate  gradations  of  form  in  the  intermediate  beds,  and  is  ^ 
fore  compelled  to  look  on  those  as  mere  varieties  of  one  spedesj  iM 
he  preyiously  considered  to  be  undoubtedly  two  distinct  speciea  B^ 
is  he  henceforward  to  be  sure  that  other  forma  quite  as  spedMf 
distinct,  and  derived  from  different  sets  of  beda,  would  not  gn^ 
into  each  other  as  insensibly  if  he  could  find  the  beds  whidi  «< 
deposited  in  the  interval  between  these  two  sets,  and  th^  happenai^ 
eontain  the  required  fossils  ?  If  species  be  merely  the  desoeikbBli' 
other  species,  the  existence  of  intermediate  forms  of  gradttkni  a  > 
necessary  and  unavoidable  consequence,  and  instead  of  being  a  diiEcsKji 
is  always  to  be  expected. 

The  hypothesis  of  descent,  again,  at  once  gives  us  a  natoni  i^ 
planation  of  the  law  of  approximation  to  living  forms,  and  eonTOTfi 
the  existence  of  that  law,  which  is  one  that  cannot  be  gainsaid,  leo^* 
strong  support  to  the  idea  of  such  a  hypothesis,  and  seems  impentivaf 
to  demand  it  The  one  appears  to  be  the  natural  result  of  the  othet 
This  hypothesis,  moreover,  gives  a  natural  explanation  of  the  "^ 
of  the  non-recuirence  of  species  that  have  once  become  extinct 

2.  There  is  another  class  of  facts  in  palaeontology  whidi  lend  i 
strong  support  to  Mr.  Darwin's  hypothesis,  or  at  all  events  to  the  hjp^ 
thesis  of  existing  species   being  connected  with  extinct  by  way « 
descent.     The  geographical  distribution  of  species  at  the  present  flij 
seems  to  be  the  direct  result  of  a  preceding  geographical  distiibnn* 
The  sloths  and  armadillos  and  ant-eaters  now  living  in  South  Ameni* 
were  preceded  by  extinct  species  of  animals  belonging  to  the  ■* 
orders,  some  of  which  extended  over  parts  of  North  as  well  tf  ^ 
South  America,  but  none  have  been  foimd  beyond  those  limitB.   '^ 
extinct  kangaroos  and  wallibis  of  Australia  seem  to  have  been  the  ^ 
genitors  of  the  present  races.      The  giraffe,  the  hippopotamus,  ^ 
rhinoceroses,  and  the  pigs  of  the  Old  Continent  were  preceded  ^ 
species,  now  extinct,  more  or  less  closely  allied  to  them,  and  no  fo** 
species  of  those  genera  has  yet  been  found  in  America.  On  the  suppoa^J* 
of  every  distinct  species  being  an  independent  creation,  this  geographic 
limitation  of  a  succession  of  allied  species  is  unintelligible,  but  it  w(^ 
be  the  obvious  result  of  the  evolution  of  one  species  from  another. 

Evidence  from  Falaeontoloffy  as  to  the  Value  of  Gheologioal  ^i^ 
— ^The  fact  that  vast  periods  of  time  must  have  been  necessary  for  w 
accomplishment  of  such  a  history  of  life  as  that  which  is  recorded  f<i 
us  in  the  rocks,  harmonises  well  with  all  the  other  facts  of  geolog: 
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more  we  inyeslagate  the  fonnatiQn  of  rocks,  the  lelotions  of  lock- 
leSy  the  contents  of  mineral  veinsy  and  all  other  inorganic  phenomena, 
d&uer  becomes  oar  power  of  realising  the  vastness  of  the  periods 
me  which  nnroU  themselves,  fold  after  fold,  before  the  strained  and 
Dg  mental  vision.  That  the  organic  phenomena  of  the  past  should 
Jre  similar  enormous  intervals  of  time  for  their  elaboration,  seems 
ig  to  the  mind  of  a  geologist,  and  completes,  as  it  were,  the  har- 
ious  concord  of  nature's  great  poem. 

Et  has  been  already  pointed  out,  however,  that  the  inordinate  de- 
«]b  too  often  made  by  geologists  upon  the  eternity  of  the  past  are 
inuranted  by  many  of  the  facta  to  which  they  most  confidently 
«d  in  their  support.*  Another  common  line  of  argument  in  fiivoor 
i«8e  enormously  protracted  periods  is  based  upon  the  facts  of  pabs- 
Icgy.  It  may  be  conceded,  that  "  under  any  view  of  the  origin  of 
ics,  a  long  time  must  needs  be  demanded  for  the  appearance  and 
ptpearance  of  successive  tribes  of  plants  and  animals.  And  the 
^cmtologist  may  naturally  demur  to  any  explanation  of  geological 
icmena  which  would  deprive  him  of  an  appeal  to  unlimited  time 
lie  past  development  of  life  upon  the  earth.  I  cannot  but  think, 
9Ter,  that  such  reluctance  would  mainly  arise  from  the  difficulty  of 
.Hately  conceiving  the  length  of  even  comparatively  brief  periods. 
Ui  a  sum  rises  above  a  few  hundreds  of  thousands  the  mind  ceases 
dnghly  to  realise  it,  and  each  succeasive  cypher  which  may  be  added 
tuces  no  corresponding  impression  upon  us.  f  Probably  the  pal»- 
U)giBt  would  find  that  the  periods,  as  defined  by  purely  physical 
cnce,  would  still  remain  quite  vast  enough  for  the  accompliBhment 
^e  long  history  of  life.  Nor  must  he  forget  that  changes  in  the 
tiic  world  must  be  to  a  large  extent  regulated  by  those  of  the 
Sviic  world.  If,  therefore,  we  could  show  conclusively  that  physical 
^ges  in  past  time  advanced  more  rapidly  than  had  been  supposed,  it 
Id  be  necessary  to  consider  whether  the  periods  demanded  for  the 
vth  and  extinction  of  species  and  genera  might  not  have  been  like- 
^  exaggerated.  From  the  data  furnished  by  the  denudation  now  in 
Kress,  it  seems  tolerably  certain  that  geologists  have  required,  for  the 
^i&plishment  of  past  denudations,  periods  of  time  much  greater  than 
'  experience  of  the  present  economy  of  nature  warrants.  It  might 
Well,  therefore,  if  the  palaeontologieal  argument  were  re-examined, 
ii  the  view  of  ascertaining  whether  the  intervals  of  time,  which  it 
■tolates,  might  not  all  be  easily  comprised  within  the  limits  required 
pliysical  data."! 

Svldenoe  from  FalBomtologj  as  to  former  Ohaiii^  of  Climate.-^ 
is  almost  solely  from  the  nature  of  the  animals  and  plants  which 

•  flte  tmU,  p,Uk  t  866  Mr.  Croirf  iwp6r  Ib  PhO.  Mag,  for  lUi  \«Qft. 

t  CMId6  on  D6iiiid6tkni,  Tnmt.  (kcL  Soe,  Gkttgow,  UL  i^  1«». 
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have  left  their  remiuna  in  the  rocka,  that  we  esn  draw  my  <x 
cluaions  as  to  the  kind  of  climate  powesMd  hy  different  porti  of  4 
earth  where  those  uiiinals  and  plauta  lived.     When  ite  find  ia  i 
Blitiah  lelAnda  the  remains  of  crocodilea,  turtles,  and  hug«  ud 
blether  with  palm   fruits  and   other   tcopicat-like  plantu,  ire  on 
MBiBt  the  coDcluaion  that  the  climate  of  the  British  Islands  miut  hi 
formerly  been  more  hke  that  now  found  within  the  tropin  tins  tU 
which  they  at  present  poBeess.     It  is  true  that  the  plants  and  t^^ 
are  all  of  different  specie*  from  those  which  now  exist,  and  bv  tlic  EV 
of  the  mammoth,  or  foasil  elephaitt,  and  one  of  the  foaail  rtinoMi*  - 
having  been  provided  with  woolly  coata  covered  with  l<Big  hair,  '^   ^ 
fitted  them  to  live  in  much  cooler  climates  than  any  »tTi«tiT^  ip«da4   t 
■    elephant  or  thinocema,  we  are  taught  not  to  rely  too  implitati;  *   '■ 
mei«  andogieB  of  form  ;  still  the  fact  of  the  whole  Bsscmhbge  d  '^   ' 
fosnls  of  cenwn  great  groups  of  rock  being  stamped  with  a  twri* 
"  facies,"  is  very  etrong  evidence  in  favour  of  theit  having  fi 
tropical  climate. 

But  we  may  ettcnd  this  argument  to  still  higher  latit^id''-. 
lealoue  and  enlightened  labours  of  our  arctic  navigatore,  e.-ji-  : 
of  Sir  Leopold  M'Clintocfc,  of  Sir  E.  Belcher,  and  others  vf  ;  ■ 
Party  fonueriy,  we  have  been  put  in  possession  of  the  viiy  !  . 
fact  that  in  latitudes  where  now  sea  and  land  are  burii'l  ::i 
enow  throughout  the  year,  and  there  are  several  months  of  tiilal  ^' 
neas,  there  formerly  floariahed  animals  and  planla  very  similnr  W  lb* 
living  in  onr  own  province  in  corresponding  geological  perioila ;  M''* 
would  appear  that  similar  animals  and  plants  were  then  widely  (P*' 
over  the  whole  world.  There  are  birge  tracts  of  country  lying  W** 
73°  and  78°  of  N.  hit.,  and  84°  and  96°  of  W.  long.,  in  which  the  w* 
contain  Upper  Silurian  foHsils.  In  the  same  latitudes,  hot  eiW*" 
brther  west,  bedn  of  coal,  with  Carboniferous  plants  like  tb*  ■ 
Europe,  were  found  ;  and  still  farther  north  and  west,  extend  "P^J 
77°  20',  or  thereabouls,  are  limestones  full  of  Carboniferous  con!"" 
shells  (Orlhoeerat,  etc. ,  as  well  as  Bracktapoda),  while  in  Prince  Pstri*' 
Island,  at  Wilkie  Point,  in  lat.  76°  20' N.,  and  long.  117°  «0' "• 
Oolitic  rocks  containing  an  Ammonite  {Ammoaitea  M'Ctinloch\  ^ 
A.  amearua,  and  other  shells,  were  found  by  M'Clintock  ;  ~ 

over,  from  Exmouth  and  Table  Islands,  lat  77°  10',  long.  85°,  f*''' 
an  ichtbyosauruB  was  brought  by  Sir  E.  Belcher.*  These  fsffl."' 
pointing  in  the  same  direction,  compel  us  to  believe  that,  dnrtog  * 
least  a  ])art  of  the  primary,  secondary,  and  tertiary  periods,  the  geUf* 
climate  of  the  globe  was  higher  and  more  equable  than  at  the  pi 
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Dn  the  other  band,  there  is  good  evidence,  from  foBsil  lemaina,  that 
omlj  over  the  northern  temperate  regions,  but  as  far  south  as  the 
talayah  Mountains  at  least,  the  climate  was  once  more  cold  and 
re  than  it  Ib  at  present  The  seas  were  encumbered  with  icebeigs 
the  land  with  gbiciers  £eu*  beyond  the  limits  to  which  glaciers  and 
eigs  now  extend,  while  the  rein-deer,  musk-ox,  mammoth,  and 
Uj  rhinoceros,  wandered  far  south  over  central  Europe. 
Such  changes  of  climate  must  be  largely  due  to  the  varying  position 
he  earth  with  reference  to  the  sun,  owing  to  the  eccentricity  of  its 
fc,  as  Mr.  Croll  has  recently  pointed  out,*  and  as  will  be  more 
f  referred  to  in  a  subsequent  chapter.  They  may  also  arise  in  part 
K.  changes  in  the  distribution  of  sea  and  land,  though  not  to  the 
lit  often  supposed.  Ocean  currents  are  the  great  distributors  of 
|)erature,  and  whatever  tends  materially  to  modify  them  must  greatly 
unce  climate.t 

Araetioal  Importanoe  of  Fowdls. — The  importance  of  the  study  of 
Us  to  all  those  who  wish  not  only  to  learn  the  past  history  of  Ufe 
i&  the  globe,  but  to  understand  the  problems  involved  in  its  present 
tiplicity  of  form  and  variety  of  diffusion,  will  be  obvious  even  from 
Ibregoing  slight  and  general  observations.  Their  importance,  how- 
\  iB  not  limited  to  the  theoretical  speculations,  or  the  philosophical 
elusions  which  may  be  derived  from  them,  for,  like  many  other 
(Xtific  conclusions,  they  may  be  coined  into  actual  money,  or  money's 
tb,  by  their  practical  application. 

Xf  in  any  particular  part  of  the  earth,  beds  of  any  substance  of 
fcomic  value  to  man  were  formed  during  a  particular  geological 
od  only,  it  is  obvious  that  these  beds  will  contain  the  remains  of 
animals  and  plants  which  lived  during  that  period,  and  no  others, 
iiherefore,  the  valuable  beds  be  but  a  few  thin  seams  occurring  here 

there  in  a  great  series,  and  our  object  be  to  discover  where  any 
*  of  that  series  reaches  the  surface,  in  order  that  we  may  search  for 

Yaluable  beds,  it  is  dear  that  Uie  foesik  will  be  of  the  greatest 
stance  to  us.  The  mere  lithological  character  of  the  other  beds  of 
aeries  may  be  of  little  or  no  use  to  us  as  a  guide,  and  may  even 
lead  us,  since  there  may  be  other  groups  of  rocks  of  similar  character, 

not  containing  the  valuable  beds. 

f%Q.  Mag.  for  Angiut  1864,  and  his  papen  on  Climate  in  the  same  Joamal,  for  ancoeed- 
ftafs. 

Bee  ProflBaaor  Henneaay'a  "Remarks  on  Terrestrial  Climate,**  Atiantis,  Jannaiy  1859. 
*tfM  that  the  mean  temperatnre  of  the  earth  wonld  not  be  raised  by  more  land  existing 
^  tropica,  since,  thou^  the  land  becomes  hotter  daring  the  day  it  gets  colder  during 
light  than  the  sea  does,  and  that  more  heat  would  be  vonmvad  by  a  general  tropical  aea 
I  by  a  general  tropical  land.  Compare  also  the  discussion  of  this  suttject  by  Sir 
dee  Lyell  (Prinefplu,  roL  L  diaps.  xii.  liii),  who  attributes  extreme  importance  to  the 
ition  of  Umd  rtmnd  the  equator  as  a  cause  of  laiaJjBg  tim  tempenUoxe  of  the  globe,  aaidQl 
t  at  the  polai  M  dlmiBlshiiig  it. 
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The  most  striking  inBtMii!»  of  wbat  is  hsra  ifcifted  goienllyyiidi 


oceoxxenoe  of  beds  of  ooal  in  the  pert  of  the  geologioal  seiies 
hence  called  the  Carboniferous  system.  Coal  is  not  oonfined  to 
fonnatbn,  since  in  different  peits  of  the  would  good  wodcable 
oocnrs  in  other  formations ;  bat  in  Britain  and  Western 
although  thin  beds  of  ooal  occur  in  other  ibrmatinuB^  eztensiTe 
of  workable  coal  have  only  been  found  in  the  GarbonifooQs 
Ooal  is  usually  associated  with  black  and  grey  shales  in  that 
and  the  same  association  occurs  in  other  fonnadons,  where  the  ooil 
too  impure  or  in  too  small  quantity  to  be  Yaluable.  Black  and 
shales  also  occur  in  parts  of  the  Garbonifenms  series,  where  there  iii 
coaly  and  in  other  formations  entirely  devoid  of  coaL  The  cosl^ 
being  always  accustomed  to  see  coal  associated  with  black  and  grey  i 
and  not  haying  had  occasion,  like  the  geologist,  to  see  sLmUsr  ahakii 
other  formations,  naturally  looks  upon  the  oocuxrenoe  of  the  black  td\ 
grey  shale  as  indicative  of  the  presence  of  coaL  The  geologist, oni 
other  hand,  having  a  wider  experience,  knows  that  not  only  do  Uii| 
and  grey  shales  occur  where  there  is  no  chance  of  coal  bdng  foM 
but*  that  even  thin  seams  of  coal  occur  in  formations  where  no  (d\ 
worth  working  has  ever  been  found  in  the  British  area  or  in  Weitai| 
Europe.  He  therefore  knows  that,  as  a  rule,  all  ^  indicataons' 
worthless  as  evidence  of  the  presence  of  the  "  Carboniferous  fonDstioii^  j 
except  the  occurrence  of  the  "  carboniferous  fossik.**  Even  when 
fossils  occur  there  may  be  no  coal,  but  all  search  for  coal  in  bedi 
taining  any  other  than  the  Carboniferous  fossils  is  pure  waste  of 
and  money. 

Within  my  own  experience  large  snms  of  money  have  been  abaolately  ttao 
away,  which  the  slightest  acquaintance  with  palaeontology  would  hare  >^^*^vj| 
have  known,  even  in  the  rich  coal  district  of  South  Staffordshire,  shafts  ooitivsjl 
down  below  the  Coal-measures,  deep  into  the  Silurian  shales,  with  crovdiai 
fossils  brought  up  in  every  bucket,  and  the  sinker  still  expecting  to  find  coJ^j 
beds  below  those  Silurian  fossils.  I  have  known  deep  and  expensive  sbafti 
in  beds  too  far  above  the  Coal-measures  for  their  ever  being  reached,  sod  tl^ 
expensive  shafts  sunk  in  black  shales  and  slates  in  the  lower  rocks  far  bekfON 
Coal-measures,  where  a  pit  might  be  sunk  to  the  centre  of  the  earth  witbovt^j 
meeting  with  coal.  Nor  are  these  fhiitless  enterprises  a  thing  of  the  past  Mj 
are  still  going  on  in  spite  of  the  silent  warnings  of  the  fossils  in  the  rocks  v^  ^ 
and  in  spite  of  the  loudly-expressed  warnings  of  the  geologists,  who  nDdflSf^ 
them,  but  who  are  supposed  still  to  be  vain  theorists,  and  not  to  know  so  mw^' I 
"  the  practical  man."  • 

*  I  have  elsewhere  stated  my  belief  that  the  amount  of  money  fruitlessly  expeadfli  ■ 
a  ridiculoas  search  after  coal,  even  within  my  own  experience,  would  have  paid  the  fl^ 
cost  of  the  Government  Geological  Survey  of  the  United  Kingdom.  It  is  a  eoiiooiF* 
versity  of  the  human  mind,  that  men  prefer  to  take  the  advice  of  those  whose  inten^ 
is  to  get  them  to  spend  money,  rather  than  the  warnings  of  those  who  can  have  no  Isttf* 
in  inducing  them  not  to  spend  it. 
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CHAPTEE  XXIX. 

PRELDflNABT   OBSERVATIONS. 

e  three  preceding  parts  we  have  been  dealing  with  general  prin- 

: — In  the  first  place,  we  examined  the  composition  of  minerals 

ocks,  and  the  great  stractures  which  are  common  to  rocks  of  all 

and  of  all  ages  ;  in  the  second,  the  varioas  agents  by  which  the 

ition  of  rocks  and  other  geological  changes  are  brought  about ;  while 

e  third,  we  considered  fossil  animals  and  plants  in  their  relations 

ing  beings,  and  mentioned  some  of  the  general  facts  of  distribu- 

obeerved  by  them,  and  general  conclusions  to  be  drawn  from  them. 

lad  frequent  occasion  to  note  the  vast  periods  of  time  required  for 

production  of  the  different  phenomena  we  met  with,  but  we  did 

(top  to  consider  the  relations  of  these  several  periods  of  time  to 

other,  or  to  describe  in  regular  order  and  sequence  the  events 

h  had  happened.     This  is  now  what  remains  for  us  to  do.     We 

to  give  a  history  of  the  formation  of  the  crust  of  the  earth,  by 

ig  out  the  order  of  succession  of  the  different  rock  groups  of  which 

made  up,  noting  the  causes  which  operated  in  their  production,  and 

ing,  from  their  relation  to  each  other,  some  notion,  perhaps,  of 

happened  in  the  periods  which  intervened  between  the  times  of 

production. 

!he  way  in  which  this  knowledge  is  to  be  gained  will  probably  be 
sofficiently  obvious  to  the  student.  At  page  188,  et  teg.,  we  saw, 
ifter  having  acquired  a  knowledge  of  the  number  and  nature  of  a 
of  beds,  by  examining  a  cliff  on  the  sea-shore,  or  other  **  section  " 
i  they  were  well  exhibited,  any  L'ttle  notmal  ot  aita&dal  exca^H^ 

2l 


a  m  tht  tiedf  u  iL.aaid  iht  U:< 
■OiMi  S!'  bedf  alxn^  }'  i 
mdc  ficlksr  l^vif  t  mu*  ^nrttlier  d£fffir!L,  cc  oanld  h 
diK  w  ■^iBL  innna  Knr^m:  iTcal  BErief  ^  l«dF  c>rer  ' .  i: 

nHKHn  :  ii  V  use  msi  wr  siuiiua  'Jua^  txtaia  i-iir  m 
«L  au  linf  *T  dumla  aiu  whtsiitr  <c  t>C'  ibs¥  hut  ■« 

H^BK  I^K  Viuilr  MEicF  tf  b(ia&.  flMIII  «  K>  O.  !«  sniS^a^i 

ivnnanLiiu;  n  P-mv^  it  bK^rxrOf  frcoa  ibe  nreis: : 
tw-  ar-E»r  ii  at  noeSr  at  pasabie  ia  iLe  tird^  ia  vtl 
I  fntfor  ^H-  latSB  iHaLol  m  tb  ^nxta  asi  tacct-  tc^^^'J 
w  brmd  lit^  1^  {Krnoat  pott  tJ  ihi-  v^^rk  t-H  be 

k»tt,-CT  iz  fsB,  ««^  ao  far  w  il  15  &lre^r  k::i:.s~,  «■? 
lilsm^  aoiter  ;kia  »  hMk.  «lial  vill  W  bcre  invcn  t:^:^ 
men  ailvnad,  •  ftiwAyiril  ubU  ra;iiei  ih^s  a  bi^t:^ 
Tiki  tLr  MaieM  will  be  «lJe  [.:■  rda  i.>  iis  p-pcj  ?c: 
dtKiiJal  acioc«Bi  fif  in  diflscai  J^<nk'a^,  vLidi  be  si; 
or  ciaoTv  fa  famsdC 

Et«s  t3u»  «i«i»rt  us  only  be  a  t-ctt  imp^rfA-t,  teJ 
MraiaiT  o«e.  OmpanoTelT  few  pm^  of  the  carui'f  ^ 
ret  had  tbfir  anicnire  eren  iketcheO  oaS  ;  it£i  fe«i 
ansratdr  RinvTnl,  and  had  their  deuib  tIior>j£^'f 
UaBy  of  ^he  ctvit&,  therefore,  trhich  ar«  now  sq^ 
^■5  la  ikfiiirab^  ijlaces,  hut  a 
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OB 

HISTOEY  OF  THE  FORMATION  OF  THE 
CEUST  OF  THE  EAETH. 


CHAPTER  XXIX. 

PRELDCmABT   OBSERVATIONS. 

the  three  preceding  parts  we  have  been  dealing  with  general  prin- 
i-cs: — In  the  first  place,  we  examined  the  composition  of  minerals 
1  rocks,  and  the  great  structures  which  are  common  to  rocks  of  all 
t^  and  of  all  ages  ;  in  the  second,  the  various  agents  by  which  the 
Ekiation  of  rocks  and  other  geological  changes  are  brought  about ;  while 
t]ie  third,  we  considered  fossil  animals  and  plants  in  their  relations 
living  beings,  and  mentioned  some  of  the  general  facts  of  distribu- 
1-  observed  by  them,  and  general  conclusions  to  be  drawn  from  them. 
•  had  frequent  occasion  to  note  the  vast  periods  of  time  required  for 
production  of  the  different  phenomena  we  met  with,  but  we  did 
stop  to  consider  the  relations  of  these  several  periods  of  time  to 
h.  other,  or  to  describe  in  regular  order  and  sequence  the  events 
ich  had  happened.  This  is  now  what  remains  for  us  to  do.  We 
''«  to  give  a  history  of  the  formation  of  the  crust  of  the  earth,  by 
^iBg  out  the  order  of  succession  of  the  different  rock  groups  of  which 
^  made  up,  noting  the  causes  which  operated  in  their  production,  and 
lUiiDg,  from  their  relation  to  each  other,  some  notion,  perhaps,  of 
M  happened  in  the  periods  which  intervened  between  the  times  of 
^  production. 

The  way  in  which  this  knowledge  is  to  be  gained  will  probably  be 
1^  sufficiently  obvious  to  the  student.  At  page  188,  et  seq,y  we  saw, 
^  after  having  acquired  a  knowledge  of  the  number  and  nature  of  a 
^68  of  beds,  by  examining  a  cliff  on  the  sea-shore,  or  other  ^  section  " 
^re  they  were  well  exhibited,  any  little  natural  or  artificial  excac^^ 
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tion  in  the  interior  of  the  country  which  enabled  ns  to  identify  mi 
these  beds  assured  ub  of  the  pienence  of  the  rest  above  and  beW 
By  Marching  out,  pkces  where  Buch  "  eectious  "  are  to  be  Misi,  U 
then  following  the  Btrata  by  different  iudicatioiu  Bcroaa  a  diitDd, 
ideutiffiag  them  either  by  lithological  or  pabeontologieal 
or  bj  actually  ti&cing  their  onlcrop  withoat  losing  eight  of  theffl,ti 
peifonning  the  same  process  for  the  seta  of  beds  that  raecesnrel;  offl 
them,  or  rise  up  from  beneath  them,  we  eTentually  surrey  greal  tai 
of  coontry,  and  arrive  at  a  knowledge  of  the  order  and  bucmsbiwI 
nibtenaneon  groups  of  took,  to  a  much  greater  depth  than  it  wcbUI 
posrible  to  reach  by  any  process  of  mining  or  direct  eicavatioo. 

The  history  of  the  formation  of  the  whole  crust  of  the  globe,  ih 
ia  to  be  learned  by  piecing  together  our  knowledge  of  different  juX' 
it,  each  part  being  separately  inTeetigatfd,  and  joined  to  anatlis  I 
means  of  some  portion  or  portions  that  ar«  proved  to  be  dodbm 
the  two.  Suppose,  for  instance,  that  the  group  of  beds  fwm  a  M 
(Fig.  41,  p.  187)  were  seen  in  one  place,  and  that  we  there  l«anit( 
history  of  their  production,  and  gained  thereby  a  record  of  wlridit 
earliest  portion  is  contained  in  the  beds  at  a,  and  the  latest  in  lltel' 
at  b  ;  and  suppose  that  no  beds  above  b  were  there  visible,  but  tbtf* 
could  either  trace  b  into  another  district,  or  could  identify  it  Ihw,' 
that  we  then  found  another  great  series  of  beds  over  6,  and  there  iM 
the  history  of  their  production,  carrying  it  on  to  the  beds  about  J I 
instance  ;  it  is  clear  that  we  shonld  there  extend  our  record  boo* 
d,  and  this  wo  should  do,  whether  or  no  there  may  l>e  any  one  pt 
where  the  whole  series  of  beds,  from  a  to  if ,  be  simultaneously  ptM 

We  might  pve  this  history  in  either  of  two  ways — nsmdj, 
investigating  or  traoing  it  backwards  from  the  present  to  the  p*^ 
by  ruirrating  it  as  nearly  oa  possible  in  the  order  in  which  it  occvl 
I  prefer  the  latter  method  as  the  shorter  and  more  intelligible,  ><■ 
is  hoped  that  the  previous  parts  of  this  work  will  have  soSdfl 
prepared  the  student  lo  underataud  it.  As,  however,  to  nanatt 
history  in  full,  even  so  far  as  it  is  already  known,  would  reqw* 
library  rather  than  a  book,  what  will  be  here  given  must  1«  tat«i 
mere  abstract,  a  chronological  table  rather  than  a  history,  by  nun 
which  the  student  will  be  able  to  refer  to  its  proper  period  anjB 
detailed  account  of  its  different  portions,  which  he  may  either  vd 
or  observe  for  himself. 

Even  this  abstract  can  only  be  a  very  imperfect,  broken,  ani 
mentary  one  Compatatively  few  parts  of  the  earth's  Borface  h*" 
yet  had  their  structure  even  sketched  out  ;  still  fewer  have  I* 
accurately  surveyed,  and  had  their  details  thorougUy  unHwU 
Many  of  the  events,  therefore,  which  are  now  supposed  lo  ' 
oocurred  contemporaneously  in  different  places,  may  in  reali^ 
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mired  in  saccession  ;  some  of  those  whicli  we  imagine  to  have  hap- 
ned  at  different  times  may  have  been  more  or  less  contemporaneous  ; 
Lile  many  which  are  supposed  to  have  directly  succeeded  each  other 
1^  have  been  separated  in  reality  by  great  spaces  of  time,  of  which  there 
»  no  records  as  yet  discovered,  or  of  which  none  may  ever  be  found. 

As  the  structure  of  the  British  Islands  is  better  known  than  that  of 
^  other  part  of  the  globe  of  equal  dimensions,  and  contains  a  more 
■iplete  series  of  rocks  in  a  small  space  than  any  other  known  district, 

shall  take  that  as  the  principal  authority  for  our  histoiy,  pointing 
fc  the  several  groups  of  rock  which  were  produced  in  this  part  of  the 
during  the  several  periods,  mentioning  a  few  of  the  principal 
they  enclose.  We  shall  then  give  some  of  those  other  well- 
typical  groups  of  rock  which  are  regarded  as  contemporaneous 
^  least  homotaxial  *  with  them  in  other  parts  of  the  earth.  Where 
;%oup  of  rocks  is  known  of  which  we  have  no  homotaxial  representa- 
e^  in  the  British  Islands,  it  will  of  course  be  best  to  describe  it  from 

hest  known  locality.  Our  history,  however,  will  be  chiefly  that  of 
»  fonnation  of  the  Celtic  or  British  province,  as  we  may  call  it,  with 
Cttional  reference  to  the  history  of  other  provinces. 

Chronologioal  Nomenolature. — One  difliculty  meets  us  at  the  outset 
^  our  nomenclature,  that  is,  as  to  the  names  we  are  to  give  to  the 
Cerent  periods  of  past  time.  This  difficulty  must  at  present  be 
i^ed,  since  the  time  has  not  yet  arrived,  that  is  to  say,  our  know- 
^  is  not  yet  complete  enough  to  enable  us  to  overcome  it 

The  early  geological  observers  described  certain  kinds  of  rock,  to 
i^ch  particular  names  were  given.  These  names  were,  in  the  first 
tonce,  lithological,  or  descriptive  of  the  kind  of  stone,  of  which 
^Ik  and  Oolite  are  instances.  In  other  cases  they  were  petrological, 
^  as  Mountain  Limestone,  Coal-measures,  etc.  Others  again  were 
^^Taphical,  of  which  Wealden,  Neocomian,  Silurian,  Oxford  Clay,  are 
t^iiples ;  while  others  were  local  terms  adopted  by  geologists,  such  as 
^  Gombrash,  Gault,  etc.  Such  terms  as  Old  and  New  Red  Sand- 
Kle  were  both  lithological  and  stratigraphical,  referring  at  once  to  the 
Ui  of  rock  of  which  the  formations  were  composed,  and  the  relative 
^5€  of  the  formations  in  the  series.  Gradually,  as  extended  observa- 
^  showed  that  aqueous  rocks  occurred  in  a  certain  order,  and  formed 
Accession  of  beds  regularly  superimposed  one  upon  the  other,  a 
^tniological  sense  began  to  be  extended  to  these  terms,  for  it  was 
^  that  each  bed,  and  each  group  of  beds,  was  newer  than  those 
'Ow  it,  and  older  than  those  above  it,  while  those  occupying  the 
^e  place  in  the  series  were  contemporaneous.  Thus,  The  Oolite,  and 
c  Chalky  came  to  mean,  not  only  the  rocks  to  which  these  names 
^e  fint  and  truly  applied,  because  they  consisted  of  the  kind  of  stone 

*  See  anU,  p.  500. 
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called  Oolite  Bud  ChuLk,  but  also  all  other  kinds  of  lock  which  w 
the  mme  relative  plact  in  the  general  geological  e^riet^  and  ct, 
the  same  fowiils.     The  Oelnceoua  or  Chalk  rocks,  then,  might  U  ai 
either  of  wliite  cheJk,  of  bUuk  marble,  of  bt«w-n   esndi^diK,  u 
Hlat«  ;  "Cretaceous  rocks,"  meaning  in  reality  only  rock«  oS  llnit 
<tgt  08  the  CluJk,  or  at  least  koiaotarial yii\ii  it.      Silurian  roclu.ii^ 
manner,  m«an  those  of  tkt  tame  agt  Hf  or  h^motmnal  with  tbe  r 
Siluria,  and  eo  of  the  nat.     This  donble  Gtgni6catioti  of  i 
almost  unavoidable,  and  the  student  will  find  himself  iiati 
inevitably  Fallii^  into  it  in  the  course  of  hi9  geological  ptusuik.  \ 
then,  we  speak  of  Silurian,  or  Carboniferous,  or  Oolitic,  o: 
perioiU  of  time,  the  reader  must  pardon  the  apparent  coni 
the  terms,  and  look  on  the  names  ad  noma  on/y,  and  n<M  a 
deiugoations.     This  is  indeed  what  we  do  in  onjiuaiy  langu^%  n 
human  history,  since  we  speak  of  the  Babylonian,  the  Gieek,  ft 
Boman  periods,  and  lhiu  give  chronolc^cal  aignifications  to  ■ 
geogrBphieat  lermE^. 

It  ia  doublltss  pnziliiig  onou^'h  at  first,  if  we  are  ehown  in  3M 
America  a  mountain  of  blue  clay-slat«,  and  tuld  that  that  is  "CI  " 
or,  if  we  find  the  same  term  applied,  in  North  America,  to  n  gr 
nndstones,  shales,  and  coala.     Many  persons  arc,  in  like  mwse 
plexed  when  they  find,  in  the  British  Islands,  clay-date  spoken  <('     i 
"  Old  Red  Sandstone  ; "  but  this  difficulty  vanishes  if  we  rcrolleM  I* 
when  used  geologically  these  words  mean  a  period  of  time,  awl  I 
any  particnlar  kind  of  rock.     The  term  Old  Red  Sandstone  was «  Jl 
applied  to  a  large  system  of  rocks,  of  which  red  sandstones  w 
most  conspicuous  portions,  although  beds  of  clay,  and  even  ih 
of  limestone,  as  well  as  beds  of  whit(^  yellow,  or  green  simi)sInDei,it 
occurred  in  it.     It  was  called  eld,  because  It  lay  below  the  Carboull 
OUE  rocks,  while  there  was  another  syittem  of  red  aaodston^  i 
above  the  Carboniferous  rocks,  and  was,  therefore,  called  nrw. 
hoa  been  already  remarked   that  formations,  when   they  a 
laterally  over  large  areas,   are  often  apt  to   change  their  tilboli^    ^ 
characters,  either  in  conseqaence  of  the  gradual  termination  i^  nsO 
of  beds  and  the  setting  in  of  beds  of  a  different  kind,  or  beciQM  A    t. 
have  come  within  tlie  reach  of  subsequent  influences  in  one  Kg!    i* 
which  did  not  affect  them  in  another.    When  then  we  trace  tbeO    - 
Bed  Sandstone  across  a  large  tract  of  ground,  as  we  ca 
the  south  of  Ireland,  for  instance,  we  need  not  feel  suiprited  4l  ^ 
gradually  passing  from  a  sandstone  formation  into  a  clay-slal«  fo 
tion.    As  it  is  possible  in  Ireland  to  walk  along  it  from  one  distria"! 
the  other  without  ever  leaving  it, it  is  clear  that  if  it  ought  to  he»ll"^ 
Old  Red  Sandstone  in  the  one  district,  it  would  be  giving  two  niiia(9V[ 
one  gronp  q£  vkIu,  J!  v«  ^^«  ft.  aaothfli  name  in  the  other  diiDtiA    L' 
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(Vlieiher  the  name  '^  Old  Red  Sandstone**  be  a  good  one,  is  another 
taon.  It  is  retained  simply  because  it  is  generally  understood  that 
bat  designation  we  mean  the  rocks  lying  next  below  those  called 
icmiferous.  It  is  avowedly  a  '^  provisional  *'  designation,  just  exactly 
1  the  names  of  the  great  groups  of  stratified  rocks  are  provisional 
f  are  temporary  names  adopted  for  present  purposes,  and  have 
n  into  tuey  and  will  continue  to  be  used  until  they  are  superseded 
Bore  appropriate  terms,  which  increasing  knowledge  only  can  show 
B  more  appropriate.  Many  attempts  have  been  made  to  introduce 
ire  systematic  nomenclature  ;  but  they  have  all  failed,  because  the 
lipt  required  almost  prophetic  powers  on  the  part  of  the  inventor, 

should  know  what  would  be  wanted  in  a  few  years  time,  as  well 
liat  is  wanted  now.  Any  scheme  of  nomenclature  which  is  not 
oaible  in  all  directions,  and  does  not  admit  of  re-adjustment  and 
ipolation,  according  to  circumstances  in  all  its  parts,  will  in  a  short 
t  be  found  to  serve  as  the  fetters  rather  than  the  clothes  of  the 
ice.* 

[n  speaking  of  the  great  groups  of  stratified  rocks  or  ''  formations," 
efore,  the  student  must  clearly  understand  that  their  names  are 
I  us^  also  as  the  names  of  the  periods  of  time  in  which  they  were 
led,  and  accustom  himself  to  detach  from  these  names  all  other 
Dings  they  may  have. 

rhe  igneous  rocks,  however,  are  named  on  lithological  grounds, 
>ugh,  as  has  been  already  pointed  out,  a  broad  chronological  classifi- 
m  can  be  made  of  them.  The  cr}'8talline  aggregate  of  felspar, 
I,  and  quartz,  is  called  granite,  no  matter  where  it  was  formed,  or 
.  what  stratified  rocks  it  may  be  associated.  Felstone,  greenstone, 
lyte,  and  basalt,  and  all  the  other  names  of  igneous  rocks,  refer  in 
manner  to  their  mineral  constituents  and  texture,  irrespective  of 
[)eriod  in  which  they  were  erupted,  or  the  part  of  the  earth's  crust 
hich  they  are  found.  Among  the  stratified  rocks,  also,  all  names 
h  have  a  special  lithological  signification,  such  as  shale,  grit, 
oiite,  magnesian  limestone,  oolite,  etc,  are  applied  to  the  variety  of 

quite  independently  of  any  reference  to  the  time  when  it  was 
uced,  or  the  formation  to  which  it  belongs.  Any  limestone  of  any 
ation  may  become  magnesian ;  any  limestone  of  any  formation  may 
me  oolitic     It  is  only  when  that  accidental  character  has,  by  use, 

applied  to  some  particular  group  of  stratified  rocks,  which  are 

spoken  of  as  The  magnesian  limestone,  or  The  oolite,  that  the 
j9  acquire  a  technical  chronological  signification,  that  is  to  say,  may 

n  the  maiw  and  pablicationt  of  the  Geological  Survey,  for  instance,  the  letter  "  a  ** 
lopted  for  the  rocks  of  the  Cambrian  period,  aa  being  the  earliest  period  of  which 
Ing  was  known ;  the  discoreriea  of  Sir  W.  Logan  and  Sir  R  L  Murchiaon,  have, 
er»  ahoiwn  na  rocks  belonging  to  still  earlier  periods,  and  if  we  wVah  to  leliex  Vkx^Ui  oxv 
aps,  we  find  ooitelves  at  a  )om  for  a  letter  before  "  a  **  in  the  a\pba\>et. 
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be  UBed  to  designate  all  those  stratified  locks  wldcii  an  lepiesc 
of  the  group  to  which  the  name  was  first  applied. 

I  must,  therefore,  request  the  student  now  to  fix  his  at 
chiefly  upon  time,  and  to  suppose  that  all  geological  time  is  * 
into  three  great  portions  or  successions  of  periods,  which  we  n 
Primaiyy  Secondary,  and  Tertiary. 

The  Primary  periods  mean  simply  those  which  preceded  the  i 
$ijf  the  first  great  cycle  of  time  of  which  we  know  anything,  not 
means  the  first  time  of  all,  since  as  to  that  we  know  nothing 
earliest  of  Primary  periods  has  no  definite  starting-point 
investigations  may  show  us  formations  lying  below  those  which 
lowest  we  have  hitherto  discovered,  so  that  our  chronologica 
mencement  is  lost  in  the  remote  past  Geological  history  ca 
begin  like  a  fairy  tale — ^  Once  upon  a  time  there  was  a  sea, 
that  sea  certain  rocks  were  formed,**  and  so  on.  The  Secondary  p 
in  like  manner,  mean  those  which  succeed  the  Primary.  Qei 
agree  to  draw  a  line  somewhere  in  the  series,  and  to  take  tlu 
as  the  boundary  between  the  Primary  and  Secondary  periods.  S 
the  Tertiary  periods,  a  certain  botmdary-line  is  drawn  as  the  c 
the  Secondary  periods,  and  all  time  since  then  is  included  in  tl 
tiary  periods.* 

As  83monyms  of  these  words,  Primary,  Secondary,  and  Tertia 
words  Palaeozoic,  Mesozoic,  and  Cainozoic,  signifying  the  peri 
ancient,  middle,  and  modem  life,  have  been  proposed  by  Pr 
Phillips,  and  pretty  generally  adopted.  Geological  time,  then,  i 
thus  arranged  : — 

III.  Tertiary  or  Cainozoic  Periods. t 

Human,  Historical,  or  Recent  era. 
Pleistocene  era. 
Pliocene  era. 
Miocene  era. 
Eocene  era. 

*  The  word  "  period  **  is  used  by  geologists  in  a  very  loose  way,  to  designate  i 
tolerably  well-marked  portion  of  time.  The  time  daring  which  the  Carboniferoot  I 
was  formed,  for  example,  is  spoken  of  as  the  Carboniferous  limestone  period ;  butt 
rast  though  it  was,  formed  but  a  part  of  a  far  longer  interval,  during  which  tbe  n 
Carboniferous  system  was  formed,  and  which  is  termed  the  Carbouiferoos  period 
again,  the  Carboniferous  is  only  one  of  several  enormous  cycles  of  time,  which 
prised  within  what  is  often  called  the  Palsrazoic  or  Primary  period.  It  would  pe 
best  to  restrict  the  term  "  ])criod  "  to  express  the  interval  of  time  required  for  Uh 
tion  of  a  system  of  formations,  such  as  Carboniferous,  Permian,  Cretaceous,  et 
some  other  word,  such  as  "  age,"  to  denote  the  subordinate  interval  occupied  by  t 
ration  of  each  formation.— Ed. 

t  The  mode  of  arrangement  adopted  in  this  table  is  intended  to  indicate  that  oa 
logy  depends  on  the  fact  of  superposition  of  iY>ck  groups,  and  that  it  therefore  ca 
with  the  lowest  of  these  groups. 
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II.  Seoondart  OB  Mbsozoio  Periods. 

Cretaceous  era. 
Jurassic  era. 
Triassic  era. 


I.  Prihart  or  Paueozoic  Periods. 

Pennian  era. 

Carboniferous  era. 

Devonian  and  Old  Red  Sandstone  era. 

Silurian  era. 

Cambrian  era. 

Laurentian  or  Pre-Cambrian  eras. 

Sdward  Forbes  suggested  that  both  from  palsoontological  and 
^logical  considerations,  it  might  be  better  if  we  obliterated  the 
ion  between  the  Secondaiy  and  Tertiary  periods,  and  divided 
)gical  time  into  two  periods  only,  namely,  Palaeozoic  and  Neozoic, 
ape,  as  our  knowledge  becomes  more  complete,  this  suggestion 
be  carried  out  The  most  marked  characteristic  of  the  Tertiary 
kIs  is,  that  the  rocks  then  deposited  contain  the  remains  of  species 
h  still  exist  These  in  the  earlier  Tertiary  deposits  are  very 
and  if  those  few  were  now  to  die  out  and  become  extinct,  the 
icteristic  would  be  lost,  and  the  pakeontological  distinction 
een  Secondary  and  Tertiary  deposits  become  more  arbitrary  than 


rhe  Btndent,  in  reading  the  older  geological  worki,  wUl  meet  with  other  terms 
hose  mentioned  above,  which  it  will  be  aa  well  to  explain.  An  opinion  once  existed 
U  such  rocks  as  granite,  together  with  the  crystalline  schists,  such  as  gneiss  and  mica 
8,  were  primitive  roeks^  and  that  the  ordinary  stratified  sandstones,  clays,  and  lime- 
i,  were  derired  from  these  supposed  primitiTe  rocks ;  they  were  therefore  called 
lary,  in  the  sense  of  deriyative,  rocks.  Extended  observation,  however,  showed  a 
}f  rocks  with  characters  apparently  intermediate  between  those  which  were  supposed 
long  to  these  so-called  primitive  and  secondary  rocks.  For  this  class  the  term 
sition  **  was  invented.  About  the  same  time,  the  idea  of  the  primitiveruu  of  the 
es  and  crystalline  schists  began  to  be  shaken,  and  the  term  primitive  was  modified 
inimary.  There  were  also  other  rocks  discovered  lying  above  those  which  had 
to  been  taken  as  the  uppermost  of  the  secondary,  and  to  these  the  term  tertiary  was 
Uly  applied.  But  when  granite  was  found  to  be  not  only  not  a  primitive  but  an 
ive  rock,  and  also  not  solely  intrusive  into  primary  rocks,  but  intrusive  into  rocks  of 
t  all  ages ;  and  when  it  was  ascertained  that  the  crystalline  schists  were  in  reality 
lorphlc  rocks,  and  that  their  crystalline  schistose  character  was  not  peculiar  to  any 
;ical  period,  the  term  "  transition  "  was  gradually  disused,  and  the  woM  primary  lost 
thological  taint  which  it  had  derived  from  its  primitive  original,  and  acquired 
resent  poiety  chronological  sense,  as  simply  meaning  all  rocks  older  than  the 
Urj. 
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CHAPTER  XXX. 

I.  PRIMARY  OR  PALEOZOIC  PERIODS. 

IiAXTBElTTIAir  OB  FBE-OAMBBIAN  FBBIOD. 

H  geological  histoiy,  as  in  the  history  of  most  human  empires,  it  is 
lifficult  to  point  out  any  definite  commencement.  If  we  assume  a 
tarting-point,  we  must,  of  course,  allow  for  great  periods  of  preceding 
inreckoned  time,  and  for  many  unrecorded  events  which  led  up  to 
hose  which  we  are  about  to  describe.  The  progress  of  geological  inves- 
igation  has  lately  disclosed  to  us  some  records  of  a  date  earlier  than  had 
leen  previously  recognised.  Sir  W.  Logan  in  Canada,  and  Sir  Roderick 
durchison  in  Scotland,  with  their  several  colleagues  and  fellow- 
abourers,  have  shown  distinctly  what  was  only  surmised  previously, 
bat  certain  great  masses  of  highly  metamorphosed  rocks  come  out  from 
Lndemeath  other  masses,  which  belong  either  to  the  Cambrian  period, 
^T  to  an  older  one. 

The  labours  of  Sir  Roderick  Murchison,  aided  by  those  of  his 
olleagues  Professor  Ramsay  and  Mr.  Geikie,  and  also  by  Professor 
Xarkness,  have  shown  that  the  crystalline  metamorphic  rocks  of  the 
Ux>ttish  Highlands  consist  of  two  distinct  series,  one  of  which  consists 
'M  altered  Lower  Silurian  strata,  while  the  other  is  more  ancient  than 
1^  Cambrian  rocks,  and  is  parallel  with  the  Laurentian  system  of 
Canada. 

In  the  Hebrides,  and  at  different  parts  along  the  western  shore  of 
^ntherlandshire,  great  masses  of  highly  crystalline  gneiss  are  visible, 
'^n  consisting  of  alternate  homblendic  and  quartzose  folia,  but  having 
ometimes  felspathic  and  micaceous  layers,  with  occasional  beds  of 
^^estone  and  ironstone.  The  foliation  coincides  with  the  stratification, 
^d  the  strike  of  the  rocks  is  N.W.  and  S.E.  (or  at  right  angles  to  the 
r^neral  strike  of  other  parts  of  the  coimtry),  the  beds  dipping  either 
^.E.  or  S.W.,  more  frequently  the  latter.  They  are  here  and  there 
^versed  by  veins  of  granite  proceeding  from  larger  intrusive  granitic 
^^Asses,  and  also  by  dykes  of  greenstone.  Upon  the  highly  inclined 
^d  greatly  denuded  edges  of  these  beds,  rest,  quite  unconformably, 
"t^  beds  of  a  red  sandstone  and  conglomerate,  which  is  itself  covei^ 
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nnoonfomiably  by  beds  which  are  pioyed  to  be  lower  ffilmisn  hjtt 
foflolB  they  contain.    (See  diagnunmaftie  aeetioii,  Fig.  148^    ^^  " 


Fig.  149. 

Diagrunmatle  Metlon,  diowing  tbe  geologieal  rimetngB  of  tiie  nortlwm  lf%liliw*i* 

d.  Lower  SQuiaii,  erystalUxM,  gnetooM,  tad  mteMeovn  lla^L  c:  Iioww  SOiri 
Qouti-rock  and  LimeiUme,  with  Orthooem,  POootrm,  Madmm,  OfkOatm,  Uwnkim 
tad  OrfMt  ilrialMla  In  tlM  limestoiMS,  and  Mm«tkl  tabes  in  tlie  qau^^  k  BidBi 

•tone  and  Gonglomerate,  S500  feet  thick,  fomeiiy  mppoeed  to  be  Old  Bed  Sniiti 
DOW  teen  to  be  Cambrian,    o.  Lanrentlan  gneln,  with  gnmite  ▼etas,  ete; 

sandstone  and  conglomerate  then  must  be  either  Cambrian  or  sn 
still  older  deposit,  and  the  gneiss  formation  below  it  must  oertainlj 
of  pre-Cambrian  age.  Sir  R.  I.  Mnrchison  at  first  described  it 
Fundamental  gneiss,  a  term  which  could  only  be  accepted  as  applicil 
to  Scotland,  since  still  lower  rocks  may  hereafter  be  seen  in  otli 
districts.  In  the  last  paper  by  himself  and  Mr.  Geikie,  he  considi 
it  as  contemporaneous  with  Sir  W.  Logan's  Laurentian  gneiss,  ai 
speaks  of  it  by  that  designation.  This  parallelism  is  of  course  meie 
an  inferred  one.  The  oldest  gneiss  of  Canada  and  the  oldest  gneiss 
Scotland  are  homotaxial — that  is,  they  occupy  the  same  place  in  ti 
succession  of  formations,  as  at  present  ascertained  ;  but  it  is  quite  po 
sible  that  the  one  was  formed  in  a  very  different  stage  of  the  warti 
lustory  from  that  in  which  the  other  was  deposited. 

Foreign  Iiooalities. 

Canada, — Sir  W.  Logan  and  his  colleague  Mr.  Murray  have  descrfbed  i 
North  America  a  vast  series  of  rocks,  once  ordinary  sedimentary  strata,  bat  bo 
contorted  and  highly  metamorphosed  and  crystalline,  to  which  they  haye  gl" 
the  name  Laurentian,  fW)m  the  great  development  of  these  rocks  along  the  ooanfe 
drained  by  the  St.  Lawrence,  t 

There  is  a  Lower  Laurentian  gneiss  series,  with  an  Upper  Laurentian  ga* 
nnconformably  covering  it,  their  joint  thickness  being  certainly  not  less  tbi 
80,000  feet.  The  upper  series  consists  in  large  measure  of  various  felspar-wd 
including  varieties  fiUl  of  hypersthene,  and  some  mainly  composed  of  Itfi* 
crystalline  labradorite.     The  Lower  series  is  chiefly  an  orthocUse  gneiss.    Bo* 


•  See  Mnrchison,  Qvart,  Jovm.  Gtol,  Soe.  xv.  p.  S53 ;  xvL  p.  S15 :  Nicol,  Op.  c«. « 
p.  17 ;  Morchison  and  Oeikie,  Op.'ciL  voL  xvii.  p.  171 ;  and  their  GtoUjgieal  Map  nfSeo^ 
Uarkness,  Quart.  Joum.  Geol.  Soc  voL  zvi.  p.  812. 

t  See  Sir  W.  Logan's  GtoUgjf  qf  Canada,  and  Quart  Jwim.  G^oL  Soc  zxl  45. 
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if  them  contain  "  several  zones  of  limestone,  each  of  sufficient  volume  to  const!- 
ate  an  independent  formation,"  three  of  which,  at  least,  belong  to  the  Lower 
liTision.  The  existence  of  these  limestones  in  gneissic  rocks  seems  conclusive 
iroof  of  the  existence  of  animal  life  in  sufficient  abundance  to  form  such  calcareous 
oBsses.  The  organic  origin  of  the  limestone  has  been  confirmed  by  the  discovery 
a  that  rock  of  a  large  foraminifer,  named  Eozoon  Canaderue,  * 

Scandinaviii. — It  is  probable  that  the  highly  metamorphosed  rocks,  which 
onn  the  mountains  of  Norway,  belong  wholly  or  in  part  to  the  Prae-Cambrian 
leiiods.  An  Eozoon  has  been  found  in  the  limestone  of  a  gneiss  series  (believed 
o  be  Laurentian)  in  Finland.  + 

JSohemia  and  Bavaria. — A  formation  of  gneiss  with  associated  limestone, 
lelieved  to  be  of  Laurentian  age,  has  been  found  in  these  regions.  The  limestone 
las  yielded  two  foraminifers  allied  to  the  Canadian  species,  and  called  respectively 
Hozixm  Bohemicum  and  E,  Bavaricum.  t 

Future  research  will  probably  show  the  existence  of  other  pre-Cambrian 
aetamorphic  rocks  in  other  x>&rts  of  the  world,  perhaps  in  South  America,  for 
oatance,  or  Australia,  or  parts  of  Africa  and  Asia,  where  metamorphic  rocks  are  now 
mown  to  exist,  or  may  hereafter  be  discovered,  but  of  which  the  true  geological 
lorizon  has  not  yet  been  ascertained.  We  can  indeed  never  hope  to  discover  the 
maltered  deposits  of  the  earlier  ages  of  the  earth's  history.  The  first-formed 
iqoeous  rocks  have  doubtless  long  ago  perished  utterly,  either  from  erosion  by 
rater  or  from  having  been  re-absorbed  into  the  molten  interior  of  the  earth.  The 
ildest  sedimentary  rocks  now  left  anywhere  upon  the  globe  must  necessarily  have 
cnlTered  more  from  these  two  actions  than  any  newer  rocks.  The  Laurentian 
ystem  is  the  oldest  we  have  yet  discovered,  but  its  records  are  nearly  obliterated, 
ind  their  history,  therefore,  very  obscure. 
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Wales  and  Shropshire. — ^The  lowest  rocks  visible  in  North  Wales 
Knd  its  borders  having  been  called  the  Cambrian  rocks,  the  period  in 
vhich  they  were  deposited  may  be  called  provisionally  the  Cambrian 
»eriod.  lliese  rocks  may  be  seen  largely  developed  in  the  hilly  ground 
between  Harlech  and  Dolgelli,  in  parts  of  Caernarvonshire  west  of  the 
^Aowdon  crest,  and  in  Anglesea,  where,  however,  they  are  much  meta- 
Kftorphosed  into  chloritic  schists  and  quartz  rocks.  They  dxe  still  more 
Jwrgely  exposed  in  the  Longmynd,  a  range  of  hilly  ground  to  the 
ftorth-west  of  Church  Stretton  in  Shropshire.  The  following  suc- 
^^Bfiion  of  Cambrian  beds  is  described  by  Mr.  W.  T.  Aveline,  the 
illicknesfies  being  of  course  approximate,  but  on  the  whole  nearly 
Correct : — § 

*  Bee  the  descriptions  given  by  Dra.  Carpenter  and  Dawson  of  this  fossil  in  Quart. 
^im.  GmL  Soc  xxi.  51 ;  xxil  219 ;  xxiii.  257 ;  JnUlUctual  Olueroer,  No.  xl.  p.  800 ;  also 
^'ttxchison's  SUuria,  p.  12.    The  organic  origin  of  Eosoon  has  been  disputed  by  Messrs. 
sad  Rowney,  Quart.  Journ,  Gael.  Soc.  xxii.  185. 
t  See  Mnrchison,  Siluria,  p.  550. 

t  See  Murchison,  SUuria,  p.  372  and  references,  and  the  first  volume  of  the  LandeadurcK- 
i%ng  von  BUfment  sect.  ii.  pp.  245-66,  where  a  nature-print  and  coloured  lithographs  of 
Bohemicum  are  given. 
I  Sheet  86  of  Horizontal  Sect  of  OeoL  Survey  of  Great  Britain. 


STBA^TIQKAPHICIL  OOOLOGT. 


CoauM  red  undiUni* 7004 

Bed  und;  micacconi  Uule     .....  360 

Hard  ooane  rtd  undMoiia  and  itutla  ,  .  .  4S00 

Hud  grlttf  grey  unditoDa 1900 

Purple  uiidr  alill« 100 

B«ddlih-hrowii  oouM  undatoM     ....  XOOO 

Porpls  ihile  and  aaodatoiw dOOO 

Grey  rock,  itrj  hud lOOO 

Hani  conglotncrate MO 

Hard  sandMoni 400 

Orcjidi-blae  ilaty  ihalt 9000 

Nobewieen 88,000 

The  po»tioQ  of  lhe«e  rocks,  with  regaid  to  the  overiTiiig  fomtatiia^ 
it  abownin  Fig.  150. 


m^mMmmmTmm!^, 


1  inon  tlH  t'inpBTnd,  rediiFFd  rtntn  BtiHt  3lt  of  the  Hoiiinntt]  Bectimu 

0«togl«l  Sam;.    Lfln^  or  hcUdd  ibout  ulpe  mllca. 

d.  Upptr  Blloilui  (Winlock  ihuls  ind  LUndorery  Mndihiiie}. 

'-  Ll«'df»°S»8'-lLo»«BllQiiu.. 

b.  LiBgula  jliga.     f 

a.  CunbrinD  grlla  uid  IIiteiL 

In  another  eection,  likewise  (Irawo  by  Mr.  Aveline,  the  sno 
of  Btrata  i»  generally  similar,  Ijut  exhibits  an  apparent  thicknM  of 
38,000  feet.*  In  one  drawnby  Mr.  Selfrjn.acroia  the  connttr  betm* 
Harlech  and  Dolgclli,  are  shown  8000  feet  of  thick  beds  of  hard  gin 
and  greenish-grey  quarti  rock,  sandstone,  and  blue,  green,  and  poipis 
day-slate,  the  lower  part  of  the  series  not  heing  seen.t  In  yet  aaolhtt 
section,  dm#n  by  Profeesor  Ramsay,  from  the  filenai  SInit  orff 
Olyder  Fawr  to  the  north  of  Snowdon,  the  upper  6000  feet  of  ll» 
Cambrian  series  are  represented  as  consisting  of  green  and  pm^ 
slotes,  grits,  sandstones,  and  conglomerates,  the  pebbles  in  the  liB* 
Goneiating  of  quartz,  quartz-rook,  purple  sandstone,  blue  slate,  bUd 
elate,  qaartziferous  porphyry,  and  green  jasper.  X  The  Penrbyn  anl 
Llanberis  slate-quarries  ore  worked  in  a.  bond  of  slate,  in  the  upptf 
part  of  this  series. 

According  to  the  researches  of  the  late  Mr.  Salter  and  Mr.  Htcb, 
the  Cambrian  series,  as  developed  in  Pembrokeshire,  is  divisible  intd 
two  groups — 1st,  the  lower  or  Harlech  group,  consisting  of  purple  aod 

'  8b«f t  S4  of  Uie  uma  leciai  of  iMtioni,  tOf.vU.  Bluwt  S7.  |  Oil,  dt  8bHt  D- 
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sandstone  ;  and  2d,  the  upper  or  Menevian  group,  about 
feet  thick,  consisting  of  dark  fags  and  shales,  and  covered 
iog  group  or  Lingula  flags  of  the  Lower  Silurian  series. 
— The  only  rocks  in  Scotland  which  can  be  assigned  to 
I  those  which,  from  Cape  Wrath  southward  into  Apple- 
i  the  fundamental  gneiss  of  that  region,  and  are  uncon- 
red  by  the  lower  Silurian  quartz-rocks  and  limestones, 
f  red  and  purple  sandstones  and  conglomerates,  and  are 
or  8000  feet  thick  (see  Fig.  149).* 
-In  the  northern  part  of  the  County  Wicklow  ;  in  the 
,  in  County  Dublin  ;  and  in  the  Forth  mountain  district 
ford,  are  great  masses  of  rock,  believed  to  belong  to  the 
those  just  described  in  North  Wales.  Like  them,  they 
5ive  beds  of  grit  and  slate,  of  dull  green,  brown,  purple, 
red  hues,  but  in  Ireland  they  have  also  many  thick,  but 
often  interrupted,  beds  of  brown  and  yellowish  quartz 
ified  with  theuL  They  are  greatly  disturbed  and  con- 
no  continuous  section  can  be  followed  in  them,  although 
1  exposures  show  thicknesses  of  several  thousand  feet. 
}  Devil's  Glen,  and  the  hill  called  Carrick  MacReily,  south 
e  cliffs  and  rocks  of  Howth,  exhibit  characteristic  examples 
hile  those  of  Wexford  may  be  seen  on  the  banks  of  the 
L  the  coast  about  Cahore  Point.  Fig.  151  Ib  a  section 
le  structure  of  Bray  Head. 


79  2 


G  b 


NORTH 


^;S^S2^^ix» 


Fig.  151. 
h  Bection  of  Bny  Head.    Length  of  «ection  about  S  mllea. 
».  Quartz-rock.  G  h.  Granite  bloclcs.     , 

^re  the  lower  part  is  intended  to  repreaent  the  coaat  lectlon,  and  the 
e  of  the  hill  above  it.  There  arc  more  bands  of  quartr-rock  on  the  hJll- 
the  sea-cliffs,  bat  the  one  which  forms  thesnmmit,  IVl  feet,  cornea  down 
rrated  by  the  two  lines ;  the  beds  in  the  cliff  were  crosa-barred  in  the 
Ithough  that  character  has  been  omitted  in  the  woodcut 

He  FossiU. — No  traces  of  organic  remains,  except  what 
ed  fucoid-markings,  have  as  yet  been  observed  in  the 
s  in  North  Wales.  In  the  Longmynd,  however,  Mr. 
ed  on  the  surface  of  some  of  the  slabs  numerous  small 
in  pairs,  which  he  believed  to  be  the  barrows  of  small 
called  Arenicolites  didifma^  and  also  an  obscure  impres- 

*  See  the  jmpen  qucUd  in  the  Ant  note  on  p.  hH. 
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non,  which  lifl  sappoaed  to  be  that  of  put  of  m  trilobite,  iriiiA  Im  oU 
Fsiaopifgt  Bamiayi,  but  of  which  the  oigHiie  natnn  ii  now  T«j  ga» 
nUj  diicredited. 

In  the  HarlechgrDnpMr.HiclEshaef(rai)dstatD«nd^atDhnMr 
abondtut  faniift,  contaiaing  tweatj  apedM,  lefiumbla  to  Mrarfia 
genen,  and  including  tiilobites,  pb^llopod*,  bitahiopodi,  aadptenfa^ 
beiidei  annelid-traeka.  *  In  ^e  Menema  group  HfiMin  Sills  ■! 
Hicki  btonght  to  light  &  peeuliarljr  rich  fuuw,  coimtdi^  more  dm  bif 
■peciee,  amoiig  which  are  included  aome  laige  trilolute^  one  of  i^oii 
Paradoxidei  Davidii,  nearl  j  two  feet  long,  ia  chanuteBftie  of  the  pn^^ 


L  AnseUdt  tnckl.  /  MoUiucut  tncktl 

ProfeesoT  Thomas  Oldham  (now  Dr.  Oldham,  Superintendent  of  'i^ 
Geological  Survey  of  India)  was  the  first  who  noticed  in  the  Camln* 
achisU  of  Biay  Head,  Wicklow,  the  peculiar  markings  afl«rwuds  ^ 

>  B«  HtU.  Auoc.  Rrp.  ISAS,  p.  «8 1  ind  LTeiri  ShHlmf  j  VaBiioI,  p,  (TO. 

t  S»  flri(.  A$m.  Rip.  lM(i-«ftM :  iBd  Qvart  Jount,  Gtcl.  Soc  IiL  ay. 

1  Th«  fmctlonal  nnmbBn  uppeaded  to  ibtie  flgnre*  dniota  Ui*  propottlom  thej  tai  * 
UiB  erigjaali.  u  I,  ooe  Udrd,  ate  If  Ui*  hlghut  Bgnn  beUu  namentor,  u  f,!!""" 
■uun  Uiat  at  B^an  vu  tlma  Umu  tka  ilu  of  tbt  oilgiiMl, 
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oibed  by  ProfesBor  Edward  Forbes  as  Oldhamia,  in  honour  of  the 
yaoDverer.  Of  these  two  species  were  named  0,  antiqiia  and  radiata, 
"^fessor  Forbes  considering  them  to  be  allied  to  Sertnlarian  zoophytes ; 
■ther  naturalists,  however,  believe  them  to  be  plants,  and  that  they 
oay  have  belonged  to  lime-secreting  nullipores  or  elgse.  Dr.  J.  Kinahan 
Dimd  marks  on  the  rocks  of  Bray  Head  like  the  mounds  and  holes  of 
Db-worms,  and  was  led  thereby  to  the  discovery  of  the  casts  of  the  tubes 
k«low,  and  by  a  lucky  blow  disclosed  one  which  retained  what  he  be- 
Leved  to  be  marks  made  by  the  tentacles,  a  reduced  sketch  of  which  is 
iiown  above,  in  Fig.  c.  He  named  the  species  Uistioderma  Hibemicum, 
The  fossil  group  No.  1  contains  representations  of  all  the  known 
nwsils  of  the  Cambrian  rocks  yet  found  in  Ireland.  The  Oldhamia 
^diata  is  very  conmion  in  certain  beds  of  purplish  and  greenish 
Kenaceous  slates  in  two  or  three  places  on  Bray  Head,  and  at  Grey- 
kones.  County  Wicklow.  0,  antiqita  is  more  rare,  but  has  been  found 
•«t  only  at  Bray  Head  but  at  Howth  by  Dr.  Kinahan,  and  was  pro- 
dred  largely  from  Carrick  mountain  by  J.  Flanagan,  in  soft  greenish 
Late.  The  HUtioderma  has  not  yet  been  found  anywhere  except  at 
^tey  Head,  where  it  was  discovered  by  Dr.  Kinahan.* 

Foreign  Iiocalities. 

BoKemia. — The  admirable  researches  of  M.  Barrande  have  brought  to  light 
:^  existence  in  Bohemia  of  a  Cambrian  fauna  answering  to  that  found  in  the 
Kienevian  group  of  Pembrokeshire,  but  apjmrently  not  yet  containing  representa- 
"Ves  of  the  older  or  Harlech  fauna. 

Scandinavia, — In  Norway  a  red  sandstone  and  conglomerate  lies  unconform- 
b>ly  on  the  older  gneiss,  and  passes  imder  the  newer  gneiss  of  that  country,  and. 
Ice  the  corresponding  red  sandstones  in  the  north-west  of  Scotland,  is  referred  to 
^je  Cambrian  series,  f  In  Sweden  some  horizontal  shales,  called  "  alum-schists," 
^Te  yielded  Paradoxides  Uickeii  and  other  fossils,  corresponding  to  those  of  the 
^mbrokeshire  Cambrian  groujw).^ 

Ameriea, — In  Canada  the  Laurentian  gneiss  is  covered  unconformably  by  a 
^ries  of  sandstones  12,000  feet  thick,  to  which  the  name  of  "  Huronian  "  has 
^en  given  by  Sir  William  Logan.     No  fossils  have  yet  been  found  in  it.  § 

*  It  was  figured  and  described  by  him  in  the  JouriicU  Ged.  Soc.  Dub.  vol.  viii.  p.  68. 
*    Bee  Geikie,  Proc  Roy.  Soc.  Edin.  v.  p.  532.  J  See  Augelin's  Palasontologica  Suecica. 

S  See  Murehison,  Silvria,  p.  426,  and  references. 
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LowsB  Silurian. 

Walks  and  Shbopshibb. — ^The  term  SUurian  is  derived  from  tk 
name  of  an  old  BritiBh  tribe,  the  Silures,  who  inhabited  part  of  Sootk 
Wales  ;  their  borders  being,  for  geological  poipoees,  a  little  extendsl 
into  Shropshire,  on  the  one  hand,  and  Pembroke  on  the  other,  and  tk 
district  christened  by  Sir  Roderick  Morchison,  Silnria.  Hie  rocks,  fii^ 
surveyed  in  that  district  by  him,  were  divided  into  two  series,  an  vpfi 
and  a  lower.  These  rocks,  especially  the  lower  part  of  the  aeries,  iM 
afterwards  found  by  the  Qeological  Survey. to  spread  to  the  noitb-wcA 
in  many  large  undulations,  so  as  to  extend  throughout  North  Wski 
also,  where  they  were  first  surveyed  by  the  Rev.  Professor  Sedgwidt 
They  may  conveniently  be  separated  into  two  series,  the  Lower  SilnnA 
and  the  Upper  Silurian ;  and,  as  before,  we  may  take  these  terms  ffftki 
provisional  designations  of  the  periods  during  which  they  were  fonoe^ 
Merionethshire  and  Caernarvonshire  in  North  Wales,  and  Caermaitbe*' 
shire  in  South  Wales,  afford  us  the  best  developed  and  most  typical  ff^ 
of  the  rocks  formed  during  this  period. 
The  groups  are  the  following : — 

Feet 

5.  Lower  Llandovery  rocks 1000 

4.  Bala  beds,  or  Caradoc  rocks       ....         6000 

3.  LlandeUo  flags 5000 

2.  Tremadoc  slates 1000 

1.  Lisgula  flags 5000 

The  diagrammatic  section  given  in  Fig.  152  will  show  the  itib&^ 
of  these  groups  to  each  other  in  the  county  of  Merioneth.* 

The  relation  of  the  lower  part  of  the  Silurian  series  to  the  Cambi^ 
rocks  ia  also  shown  in  Fig.  150,  where,  however,  the  upper  part  of 
former  is  concealed  by  unconformable  beds  belonging  to  the  Uff 
Silurian  series.t     Li  all  cases  in  North  Wales,  there  seems  to  tei. 

*  This  section  is  condensed  (by  omitting  the  igneoos  rocks,  and  the  cnires  and  fttci0S 
which  canse  the  same  beds  to  be  repeated  over  the  ground)  ttom  that  on  Sheet  S7  of  1^ 
Horizontal  Sections  of  the  Geological  Surrey,  which  runs  ftom  near  Harlech,  acroa  ^ 
country  south  of  Bala  Lake.    It  was  run  by  Mr.  Selwyn,  Mr.  Aveline,  and  myseUl 

t  Sheet  31  of  the  Sections  of  the  Geological  Surrey,  drawn  by  Professor  Raras^rS* 
Menai  Straits  over  Glyder  Fawr,  shows  a  similar  relation  and  anocesaion  of  giOQpi. 


LOWEB  SILURIAN  PERIOD. 


531 


perfect  confonnity  between  the  Cambrian  and  the  base  of  the  lower 
Surian  series,  and  a  regular  gradation,  so  that  it  is  difficult  to  fix  upon 
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determinate  boundary  between  the  two.    This  is  the  case  even  with 

subdivisions  of  the  lower  Silurian  rocks    themselves,  since  the 

slates  and  grits  or  flags,  of  the  Lingula  flags,  Llandeilo  flags,  and 

beds,  are  often  so  similar,  and  graduate  one  into  another  so  gently, 

no  good  physical  boundaries  can  be  detected  between  the  groups, 

we  are  dependent  solely  on  the  fossils  for  their  separation. 

In  South  Wales  the  obscurity  is  greater  on  account  of  the  lie  of  the 

I,  which  are  greatly  disturbed,  often  vertical,  and  traversed  by 

lerous  and  rapid  flexures,  so  that  although  the  type  of  the  Llandeilo 

is  to  be  sought  in  Caermarthenshire,  it  would  have  been  impos- 

^^e  there  to  determine  the  whole  series.     It  is  necessary,  indeed,  to 

the  rocks,  step  by  step,  from  Caermarthenshire  into  Merioneth 

Caernarvon  before  this  can  be  properly  done,  as  it  is  also  necessary 

follow  them  from  both  North  and  South  Wales  into   Shropshire, 

*^<)re  their  relations  to  the  deposits  of  the  next  period  can  be  com- 

^"tely  understood. 

L  liinsola  Flags. — Immediately  to  the  westward  of  the  Cambrian 
of  the  Longmynd  in  Shropshire,  and  therefore  above  them,  since 
^  dip  of  the  rocks  thei;e  is  to  the  west,  come  some  dark  slaty  shales 
^3^  beds  of  grit  and  flagstone,  having  a  thickness  of  3000  or  4000 
^'^  (see  Fig.  150).  In  Merionethshire,  in  the  Barmouth  and  Harlech 
^tatry,  the  Cambrian  rocks,  rising  up  en  masse  about  Ehinog  Fawr, 
*^tch  round  it  with  a  semicircular  sweep,  dipping  near  Harlech  to 
^^Hi-west,  near  Trawsfynnydd  to  north,  and  then  curve  round  so  as  to 
i^  eastward,  thence  down  to  Barmouth.  They  everywhere  dip  under, 
^^  are  succeeded  by,  masses  of  dark  slate,  often  ferruginous,  with 
^^^ed  arenaceous  flags,  the  surfaces  of  which  are  spotted  with  impres- 
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dons  of  Kngula.  The  becli  thTU  duonBtarised  hsra  ft  tUAnw* 
ftboat  5000  feet  in  this  locili^.  Li  Uka  inaBq«r,  in  CbBBumndii 
between  the  Henai  Stnita  and  the  oreit  of  tlio  ftuiwdon  nap,  tl 
Cambrian  tvcka  dip  beneath  3000  oi  4000  feet  of  daik  Una  <x  U 
alate,  with  giej  and  brown  nndstone.  ^eaa  beda  aie  ^  liagd 
flag!  of  Frofeeior  Sedgwick  and  Hr.  Davia,  a  tenn  deriTed  baa  A 
occnnence  in  theae  Btrata  of  a  LtnguUlla  {tannerlj  called  LingtU). 

The  Lingnla  Flags  paaa  down  oonfoimably  into  the  top  cf  A 
Cambrian  aerieB,  and  are  indeed  doaely  linked  with  that  leiiM  W 
atiatigraphically  and  pabeontologicallf.    Though  no  decided  aotdi 


c  LJD^lelU  DftrlBlL  /-  HthiqukaiU  TcrmlondL 

fonnability  haa  been  detected  between  the  Lingnla  Fli^  andki 
parts  of  the  aystcm,  such  la  inferred  to  exist  in  North  Wales,  w' 
a  distance  of  only  eleven  milee  that  group  of  atnita  dimiiii)^  j 
apparent  thickness  from  QOOO  or  6000  feet  to  only  SOOO  feet,iN' 
au  actual  thinning  out  of  the  beds,  but  "  probably  by  nncoafon 
overlap."  This  physical  break  is  further  confirmed  by  a 
change  in  the  fossils,  those  of  the  Linj^ula  Flags  differing  to  a 
extent  generically,  and  almost  wholly  Bpecifically,  from  those  of*! 
overlying  groupa.^ 

*  BusMf^  Sortk  Waia—lfim.  (kU.  Sun.  UL  3». 
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utracterMe  FosnU, — ^About  forty  species   of  fossils  have  been 

ed  from  this  gr^up.    The  following  list  may  be  taken  as  con- 

I  the  chaiacteiistic  forms 

Fobs.  gr.  2,  a,  * 

Fobs.  gr.  2,  b. 

Foss.  gr.  2f  c. 

M.G.8.  iiL  p.  834,  fig.  11. 

M.G.S.,  iii.  pi  4,  figR.  8-10. 

Foss.  gr.  2  f . 

M.G.8.,  iii.  pi.  4,  figs.  5-7. 

SiL  foss.  5,  fig.  2. 

Foss.  gr.  2,  /. 


.     .    Craziaiia  semiplicata 
t .     .    Dictyonema  sociale 
ppoda    Lingiilella  Davisii 

lepis 

Orthis  lenticnlaris 
Agnostus  princeps 
Ck>nocoryplie  invita 

depressa 


:ea 


Hymenocaris  yermicanda 
Olenus  alatus. 

microms 

Paradozides  Hicksii  . 
Davidis  , 


Foss,  gr.  2,  d, 

M.Q.S.  iU.  pi.  4,  fig.  12. 

SiL  foss.  (45),  fig.  1. 


Tremadoo  Slates. — Under  this  name  is  included  a  group  of  dark 
which  have  only  a  local  development,  but  near  Tremadoc,  in 
UTonshire,  attain  a  thickness  of  more  than  1000  feet.  Thirty-six 
)  of  fossils  (on  the  whole,  distinct  from  those  of  the  Lingula  Flags 
le  Llandeilo  beds)  have  been  obtained  from  these  slates,  including 
nera  of  pteropods,  two  genera  of  cepholopods,  seven  genera  of  trilo- 
AngdvMLy  Asaphus,  CheiruruSy  Conocoryphey  Dikelocephalut,  Ogygia^ 
l€muf)y  and  the  LingvleUa  Davisii,  This  group  of  strata  dies  out 
rards,  so  as  to  allow  the  Llandeilo  rocks  to  come  down  directly 
:he  Cambrian  series. 

Uandeilo  Fla^. — ^Where  the  whole  series  is  most  fully  developed 
:th  Wales,  the  Tremadoc  slates  are  found  to  be  covered  by  other 
f  dark  slate  and  sandy  flags,  with  bands  of  sandstone  occasionally, 
cannot  be  separated  physically  from  those  below  thom,  but  con- 
different  group  of  fossils,  and  are  about  5000  feet  thick.  In  South 
these  fossils  are  found  in  a  well-marked  group  of  rocks,  consisting 
Ly-laminated  dark-brown  sandy  flagstones,  ihterstratified  with  black 
slates,  and  containing  calcareous  bands  that  sometimes  become 
r  limestones,  and  are  still  worked  for  lime.  Similar  rocks,  like- 
ontaining  one  (or  two)  bands  of  limest^me,  occur  als^>  in  North 
^  near  LJanrhaidr  yn  Mochnant,  the  limestone  fonning,  in  one 
a  conspicuous  crag  called  Craig-y-Glyn.  In  South  Wal«?s  the 
re  very  well  seen  near  the  small  t^^wn  of  Llandeilo  Fawr,  whence 
L  Murchison  named  them  the  Llandeilo  flags. 

0  references  here  giren  point  oot  where  fignref  of  the  ff/tmila  nafB«4  nmj  >i«  teeti. 
jr."  refers  to  the  grr>a|Mi  of  Um^U  figured  in  this  work  ;  "Q.  J.  Oeol.  H'xr.,'*  Ut  the 
y  Journal  of  Ou  GtUfjgiml  fi^jcutjf  of  UfwUm;  "HIL  fos*.,**  to  the  grMip«  lo  th« 
%  in  the  4th  edition  of  Sdurin ;  "  SiL  foM.  \,\r  Vj  the  pImUm  in  the  mtM  ;  "  V%\. 
>  M*Co7'8  Paloneoic  FottOs,  imblisb^J  hf  JhtAvmn  fMgvicli ;  "  \y^..  O.  M,,"  sb'l 
3.,-  to  the  Dtmda  awl  MenuAn  oftKt  fk/jUfjiml  Hurwy ;  "  Wi>if,  m.  t'MM  /'  t/>  ttt^ 
Fot9iU  of  X'Coy,  pnbliAbed  \fj 8ir  K.  Griffith,  Itert. ;  " Fr/rtl  0.  U./'  U»  (f<jiUM;:^*% 
UBeport.    Othet  uraru*  will  h^  polBttd  <mt  bnmtUr* 
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CkaraeteruHe  FouiU. — Theae  are  abondont  «t  the  boGiia 
mentioned,  and  may  frequentlj  be  procmed  in  othei  pUces,  who*  tta 
gnnp  U  eiMbited,  In  a  qiiany  by  Pont  Lodiee,  near  LUnddlo  hr 
I  observed,  in  the  year  1867,  aome  dark  grej- oarbonaceons  «hal«f,«J 
beds  of  brownish  sandstone,  covered  with  black  sttuos,  like  tlie  » 
nwim  of  plants.  Some  of  these  were  corved  linear  stripes,  as  ink 
wide,  and  two  or  three  feet  long  ;  othera  were  l>kck  cmCT-?'' 


FiSsilOronph..    1 
LlinileUo  Flig  FosiUt. 

a.  DldTmo)^piDi  UunhbonlE.       c.  OrtbltaliU.  c.  auphu 

b.  RutriCei  pcregiiniu.  d.  Trinucleug flmllliUtu.      f.Ogfi^B 

nodules  squeezed  flat  in  dimple-like  depressions,  and  some  sb 


through  the  beds  like  roots.  Thcj  were  associated  with  small 
and  covered  by  beds  containing  the  trilobite  named  Offyifi 
otherwise  the  beds  looked  like  Conl-measuree  witli  plant  remauu.  1 
wei«  possibly  the  tsngled  remains  of  sea-weeds,  matted  togethei ' 
bed  of  silt  They  ore  interesting  aa  giving  us  a  possible  cine  » 
existence  of  beds  of  anthracite,  occurring  either  iii  these  rocks  oc 
next  succeeding  group. 

Acti'naioa*  .     Monticulipora  favuliiga    .  .  Bit,  fo«g.  II,  fig.  22. 

Antulida    .     Chomlritfs  BcutanguJus    .  .  PaL  loti.  pt.  1  A, 


■kelclon  could  la 
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Didyroognpsni  Mnnli 

Diplogripmi*  prUti»  ^ „ 

OnptolithDi  Biringiii  (BtgitUrini)  Q.  J.  a«a.  Boc.,  viU.  pL  31,  flg.  8. 
..     j_.._  jijj^  gr,  3  6. 


Butrlte*  pdngrini 
gwdii    LingnU  attaDiuU  . 
OrthuiUta   . 
Kphonotrata  micnla 


OiAikUa    . 
■Mia     lUdoTM  La^*at 

PnchU   . 

foda    Ortbocam  Anlinit 
la   .     Nandta  Okmbnniii 

SedgwkkU 


>.  11,  fig.  18. 
Fou.  gr.  8,  c 
au.  fou.  11,  Bg.  17. 
M.Q.a.  iU.  pL  11.  6.  flg.  17. 
U.0.&  ilL  pL  11,  a,  fig.  18. 
SIL  foH.  pi.  7,  flg.  G. 
80.  Tom.  sr,  flg.  4. 
au.  fox.  40,  flg.  1. 
SiL  tow.  37,  flgi.  1, 3. 
BiLfon.  S,flg.  4. 

ea  fixi.  43,  flg.  a. 

n.  foM.  43,  flg.  3. 
80.  foM.  »,  flg.  ~ 
EU.to«.4S,fl| 
FiL  foo.  p.  r 
Pom.  gr,  8,  e. 
BJl.  foM.  10,  flg.  4. 
Ba  fou.  4,  fl|;i.  13, 11. 
FoM.gr.  8,/. 
Sa  f  ou.  S,  fig.  8. 
FoM.  gt.tid. 
8U.  fou.  10,  flg.  7. 
BiL  foa.  8,  and  p.  SSI. 
Hie    ««iitnl   part    of    Herioneth, 


■.»,flg.<. 
•.48,^7. 
n.  p.  170. 


CUfmaiw  parvifttmi 

mBnni  peioralii    . 

OgjgUBncUl 

BdwynU    . 

'Mnnclena  fimbrijrtoi 

. Uordii. 

IBlbdrU  eranpUuata 
Bal>  and  Oarmdoe  Oronp. 

I  the  town  of  Bain  and  its  lake,  aSbrdi  the  moct  tj^ical  example 
K  rocks.  No  hard  line,  howerer,  can  be  dtawn  between  them 
le  Llandeilo  flags  below.  The  black  elate*  giadually  become 
laudf  and  gritty  in  textnre,  and  more  grey  in  colour,  a«  we  pan 
he  Aienig  moontaini  towards  Bala,  n  that  over  the  black  alatca 
we  may  aadgn  to  the  Llandeilo  flaga,  we  get  grej  gribt  and  ilatea 
i  total  thickneM  of  6000  or  6000  feet,  which  we  may  claM  with 
da  beds.  This  tbickneaa  nay  be  nibdivided  near  Bala  in  the 
ingway:-*  P^ 

.     1200 


g.  Duk  gnj  and  black  laudj  ilatca   . 

/.   HinuAt  liniBatonB  ,  .  , 

t.  Onj  taadr  tiilet  and  grjti 

d.  Bala  limoitone 

c^  Onj  usdy  ilatca  and  gritt 

t.  fiaU  "  aah  twd  '  or  toff 

a.  Onj  maAj  alatoa  and  aandrtnnw    . 


10 
.     ISOO 

2S 
.     1400 

IS 
(«y)  18S0 
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The  Bdla  toff  (6)  diwpp«n  in  the  hffli  to  tiM  aoofk  of  Am  kk%  ittN 
the  celcareoni  bend  (d)  celled  the  Bele  limeitODe  li  dMakdOj  tnotiUt  n 
mOee  futher  eoath,  djing  away  towexde  Dinee  Mowddwy,  Tte  Hbaot  fii 
-stone  (/)  ie  only  seen  et  one  spot  in  the  vaUoy  eeDed  w*™"*^  tkne  afln  Mt 
Bale,  and  another  a  mile  or  two  north  of  it  As  the  bade  an  tnoad  to  tiNBori 
west  and  west,  the  Bala  limestone  retabs  ita  cfa«iBot«n  vsy  psnMMQjrt»  i 
neighbonrhood  of  Penmachno,  and  the  toff  ^)  is  always  fouad  at  aboat  Iks  ■ 
distance  below  it ;  another  similar  tnff  coming  in,  in  soma  plaoea,  abooft  atfaoaH 
feet  lower  down.  The  occurrence  of  the  two  peculiar  bed%  the  Umestone  ail 
tatt,  below  it,  enabled  me,  when  surveying  the  ground  in.  1846  and  1847,  tota 
them  through  a  number  of  laige  dislocations  acnes  a  btokeiL  cwmliy,  tnm  \ 
▼alley  of  the  Dee  to  that  of  the  Conway. 

To  the  west  of  the  Conway  TaUey  the  Bsla  beds  baeame  more  and  nan 
▼aded  by  igneous  rocks,  both  contemporaneous  and  intmaive,  and  tiie  tofi  era 
beds  Join  on  to  their  parent  bands  of  oontempoianeoua  trapu     Hie  gaj  ^ 


^1m 


FossU  Group  No.  4. 

Bala  and  Caradoc  Fossils. 

a.  Orthis  flabellolnm.  d.  Modiolopsis  expansa. 

h,  Orthis  elegantula.  e.  Holopea  condnna. 

c  Ctenodonta  semitrnncata.  /.  Litoltes  Hibemiena. 

slates  become  more  purely  black  slate  as  we  approach  the  town  of  Goo^ 
though  thick  beds  of  brownish  sandstone  occur  in  them.  Some  of  these  8aiidfi*J 
are  calcareous,  and  probably  are  on  the  same  horizon  as  the  Bala  limesM^I 
they  have  below  them  two  tiiick  masses  of  felstone  trap,  separated  by  alata^*^ 
contains  a  peculiar  bed  of  purple  conglomerate ;  these  felstones  bein^  pg^^ 
the  old  submarine  flows  from  which  &e  ash*beds  of  the  Bala  country  d^ 
their  origin.  This  peculiar  succession  again  made  it  possible  to  trace  i*^ 
of  faults  with  throws  of  two  or  three  thousand  feet  across  the  hills  sootk  * 
Conway. 

Farther  south  a  great  calcareous  tuff,  forming  the  upper  part  of  SnovdA* 
considered  by  Professor  Ramsay  to  be  the  representatiTe  of  the  Bala  lioM^* 
and  enormous  masses  of  igneous  rocks  spread  below  it  with  such  complicatiA' 
to  have  required  years  of  labour  on  the  part  of  my  colleagues,  Ramsay,  SeW 
and  Ayeline,  to  disentangle  and  lay  them  down  on  the  published  mapi  ^ 
sections  of  the  Geological  Survey.  For  not  only  were  these  great  mMNi* 
igneous  rocks  of  almost  all  vaiietiee,  uid  both  of  contemporaneous  and  intxfli' 
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meter,  but  limilir  i^eoui  maaiaa  oocnr  on  different  gsologieal  horizoiu.  The 
pa  of  Suondonle,  for  Inataucs,  which  lie  in  tbe  Bala  beds,  die  away  tomrds 
I  loath-euC  into  one  or  two  thin  tuSs,  axd  gradiuUl^  disappear  altogether, 
ile  a  similar  seriee  commencea  in  that  direction  in  the  Llandeilo  and  Ijngal* 
ga,  formiiig  the  hill^  imown  aa  the  Aronigs,  Aran  Mowddwj,  and  Cader  Idris. 
oormponding  change  takes  place  aimnltsneoiulj  in  the  aqneoiu  TDolu,  Um 
]•  bedi  of  Cumarronsliire  more  nearly  resembling  some  of  Uie  Uuiddio  beds 
Merioneth  than  the;  do  those  of  the  proper  Bala  country.  This  changing 
lea  ia,  moreover,  thrown  into  many  abrapt  cunaturea  over  parallel  anticlinal 
1  lynclinal  axee,  the  radii  of  the  cnrrea  being  often  some  milea  in  lengtli,  while 
meroufl  and  very  large*  dislocations  traverse  the  rocks  in  slmost  every  direo- 
n,  leaving  them,  in  some  parts,  like  a  heap  of  diigointed  ruins.  The  ruins,  too, 
re  been  worn  and  gullied  by  denuding  agencies,  and  are  only  to  be  eiainined 
re  and  there  where  they  are  uncovered  by  soil  or  v^etaWe  growth.    The 


Bala  and  dumdoc  Fouils. 

a,  Echlnnspherltes  iniBDtiam.  d.  LIclias  HlbemlcDs. 

b.  Spbzronltn  iitchi.  e.  Phaeops  sfriculstus. 
t  lUeaui  DaviiiL  /  Agnonoa  trinodui. 

'fficnlty  of  the  tsslc  of  determining  the  former  order  and  arrangement  of  tlieir 
'er»l  parte  can  only  be  appreciated  by  those  who  go  over  the  ground  with  the 
■>iogii»l  maps  and  sections  in  their  hands,  and  verify  our  interpretation  of  its 

tf  from  the  typical  Bala  county  we  proceed  eastwards  towards  Shropshire, 
''  Bala  beds  aaaume  another  phase.  They  lose  most  of  their  igneous  rocks,  and 
"uti  of  their  slaty  character,  and  pass  into  a  formation  of  brown  sandstone,  with 
"^ional  calcareous  bands,  in  which  form  they  were  first  described  by  Sir  R  L 

'  One  Diagniflceat  dlitacatlon  mus  for  nticJy  slity-id  idIIeh  from  the  lowlsnd  of 
hHUre,  ttaiDDgh  the  Bundred  of  Yale  In  Senliigbihire,  down  tbniDgh  Ball  l^ie,  on  the 
'•K  ilde  of  Amn  and  east  of  Cadei  Idris,  Ihroiigh  Tal-j-Uyn  to  tba  hb  coast  near  Towji. 
iiUllocatu  tlis  Cirbnniferous  asnell  as  the  Lower  Silurian  rocks,  and  hu  u  apparent 
nnbiow  to  tliB  north-west  of  3000  or  1000  CeeL    It  mlcht  be  well  called  the  Tale  and 
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MuTOhiKm  vnder  the  name  of  the  Gendoc  Benditone.  me  Baiiiie  it  dnvedfr 
the  hill  called  Caer  Caradoc,  near  Ghnxxsh  Strettcii,  the  aiioieiit  omt  er  ciap 
which  it  named  after  the  old  Britiih  King^  Gandoo^*  whom  tli0  Bonaai  cil 
Gaiaetaciia.t 

CKaraeterittic  FomU, — In  the  identificationi  of  a  foxmatioii  tl 
Tarying  in  lithological  type,  it  is  obvious  that  great  awrietanrc  must 
derived  JErom  ito  everywhere  containing  certain  characteriitic  fo«k, 
which  the  following  is  a  list  of  the  most  lemaikable  and  abosdi 
species: — 


Hydr<mM .     . 
Pclytoa    .    . 


Annelida  .     . 
Crustacea  .     . 


Didymograpsna  caduceua 
Diplograpeus  bollatua 
GraptolithuB  Conybeari  . 
PtilodictTa  acuta    . 
t  Dictyonema  (Fenestella)  cainllaria 
Sehinod&rmaia  Agelacrinus  Buchianna  . 

Echinoaphttritee  anrantiiim 

Baltioua 

Palaaater  aapenimuB 
■  obtnsna  • 

Spheronites  Litchi . 
CrosBopodia'Scotica 
Trachyderma  leve . 
Acidaspis  Jamesii  . 
.£glina  mirabilis    . 
Agnostus  trinodus  . 
Asaphus  Powiaii  {and  lAandeilo) 
Beyrichia  complicata      Do, 
Calymene  brevicapitata  Do, 
Cheirums  clayifrona 
Harpes  Flanagani  . 
Illaanus  Bowmanni  Do, 

IIIaBnus  Davisii 
Lichas  Hibemicns  . 
Phacops  apiculatus         Do. 
Remopleurides  dorso-spinifer 
StaurocephaluB  globiceps 
Trinucleus  seticomU 
Discina  (Orbicula)  punctata 
Orthis  elegantula   . 

flabellulum  . 

insularis  (galeas)  . 

vespertilio    . 

Strophomena  complanata 
Ctenodonta  semitruncata 
Modiolopsia  expansa 
Orthonota  nasuta   . 


Brachiopoda  . 


C(meh\fera     . 


Q.  J.  O^cL  Soc,  ix.  p  8* 

Q.  J.  OeoL  Soc.,  viL  p  1 

Q.  J.  OeoL  8oc^  niL  p  9 

SiL  foea.  87. 

Poitl.  OeoL  Beport,  p  82 

SiL  foea.  88,  flg.  6. 

Fosa.  gr.  6,  a. 

SiL  foea.  88,  llg.  1. 

SiL  foea.  84,  fig.  1 

Sn.  fosa.  84,  fig.  1. 

Fosa.  gr.  6,  6. 

SiL  foaa.  42,  fig.  4. 

M*Coy.  PaL  fosa.,  p  183, 

Dec  7,  t.  b. 

SiL  fosa.  29,  Fig.  8. 

Fosa.  gr.  5,/. 

SiL  foss.  46,  Fig.  1. 

SU.  fosa.  11,  Fig.  10  0. 

SiL  foas.  11,  Fig.  9. 

SU.  foss.  48,  Fig.  1. 

SU.  foss.  48,  Fig.  4. 

Dec.  G.  a,  No.  2. 

Foss.  gr.  5,  c 

Foss.  gr.  5,  d. 

Foss.  gr.  5,  e. 

SU.  foss.  48,  Fig.  5. 

Port  Geol.  Rep.,  p  257. 

SiL  foss.  14,  Fig.  2. 

SiL  foss.  85,  fig.  1. 

Foss.  gr.  4,  b, 

Foss.  gr.  4,  a. 

M*Coy,  SU,  foss.  pL  8,  %• 

SiL  foss.  13,  fig.  7. 

SU.  syst,  p.  636. 

Foss.  gr.  4,  c 

Foss.  gr.  4,  d. 

SU.  foss.  13,  fig.  12. 


*  In  the  pronnnciaiion  of  Welsh  words  the  accent  is  alvajrs  to  be  thrown  on 
penultimate  syUable,  so  that  although  in  Shropshire  the  name  is  pronounced  C4radc 
Wales  it  would  be  called  Caridoc. 

t  The  student  should  consult  on  this  formation  the  memoir  by  Professor  Ramst 
North  Wales,  MtWL  OtoL  Survey,  toL  UL 
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Chuterppoda 


MeUropoda 
Cqthalqpoda 


Cyclonema  mpeBtris 
HolopsBa  couciima  . 
Baphistoma  equale 
Bellerophon  nodosua 
Lituites  Hibemicus 
Orthoceras  vagans  . 
Poterioceras  approximatum 


Sil.  foss.  40,  fig.  4. 
Fo88.  gr.  4,  fig.  e. 
SiL  foss.  40,  fig.  2. 
Sil.  foss.  13,  fig.  11. 
Foss.  gr.  4,  /. 
SU.  foss.  42,  fi^.  1. 
M'Coy,  SiL  foss.,  p.  10. 


6.  Ijower  Iilandovery  Rocks. — In  tracing  the  top  of  the  Bala  beds 
from  North  Wales  into  South  Wales,  certain  beds  of  sandstone  come  in. 
In  the  neighbourhood  of  the  little  town  of  Llandovery,  in  Caermarthen- 
ahiie,  a  bed  of  conglomerate  occurs  which  may  be  taken  as  the  base  of 
a  series  of  sandstones  and  shales,  varying  &om  200  to  900  feet  in 
thickness,  which  appear  to  belong  physically  to  the  Bala  beds  ;  and  to 
be  a  mere  local  subdivision  of  that  series.  There  is,  however,  rather  a 
peculiar  assemblage  of  fossils  in  them,  1 1  species  being  confined  to  the 
group,  93  ranging  into  it  from  the  Bala  beds  below,  and  83  passing 
from  it  into  the  Upper  Llandovery  group.  Some  of  the  fossils  peculiar 
to  the  group,  and  therefore  characteristic  of  it,  are — 

Sil.  foss.  27. 

Sil.  foss.  pi.  9. 

Foss.  gr.  6,  b. 

SiL  foss.  pi.  10,   fig.  12. 

M'Coy,  PaL  foss.  304. 


Nidulites  fayiis 
Meristella  crassa 

angustifrons 


Murchisonia  angulata 
HolopeUa  tenuicincta 

Some  of  those  which  range  from  the  Bala  beds  below  into  the  Lower 
Llandovery  rocks,  are  the  following  : — * 

SiL  foss.  14. 
Sil.  foss.  82. 


Petraia  subduplicata 
Orthis  Actoniee 
Orthis  caligramma . 
Murchisonia  simplex 
Homalonotus  bisulcatus 
niaenus  Bowmanni 
Lichas  laxatus 


Sil.  foss.  9. 

M*Coy,  PaL  foes.  294. 

SiL  foss.  9. 

Dec.  G.  S.  2. 

Sil.  foss.  44. 


*  The  group  is  connected  with  the  rocks  above  by  the  occurrence  of 
Pentamerif  especially  Stricklandinia  {Pentamerus)  lens  (Foss.  gr.  No.  6, 
Fig.  d),  in  great  abundance  (whence  the  two  groups  of  Llandovery  rocks 
are  sometimes  called  the  Pentamerus  beds),  and  by  the  following 
fossilB  : — 


Petraia  bina 

Atrypa  hemispherica  and  marginalis 
Leptsena  scissa  and  transversalis 
Phacops  Stokesii    .         .         .         . 
Pterinea  retroflexa .         .         .         . 


Sil.  foss.  52. 
Sil.  foss.  pi.  9. 
SiL  foss.  pL  9. 
Sil.  foss.  pL  10,  fig.  6. 
Sil.  foss.  pL  9,  fig.  26. 


besides  several  that  range  from  the  Lower  into  the  Upper  Silurian 
groups. 

*  Consnlt  Mnrchison's  SUuria,  chaps.  !▼.  and  ix. ;  Ramsay,  op.  eit.  pp.  280-8 ;  Hor. 
Beet.  G«oL  Bonrey,  Sheet  4;  and  Quart,  Joum,  Gtol.  Soc.,  vol.  xix.  (President's  Address). 


MO  STBAHaKAPHICJLL  QMOfiOM. 

'  It  it  piobable  that  this  gronp  of  To^  haa  in  ntHi 
extension  than  has  yet  been  amgned  to  it,  utd  that  it 
le«  of  the  large  tract  of  Lower  Silurian  groond  wbidi  qnMi  ■ 
nnmeroos  nnduUtiona  through  Caidiganahiie  and  the  ji^JMit  enoitiK 
The  Plynlynunoo  group  of  Profe»or  Sedgwick,  in  paxt  at  Im^Maip 
to  it,  as  appears  from  the  Uet  of  tnnHB  got  at  the  DenTa  Bddgi^  ^ 
determined  by  Mr.  Salter,  in  which  Alrj/pa  eraxta  occnn.*  RdiW 
Sedgwick's  Aberystwith  group  m^y  posaiblj,  perh^M,  beln^  to  tki 
Bola  beda  below ;  but  the  whole  countiy  is  so  violently  oontiKted,  ■! 
thrown  into  such  nomeroos  and  rapid  undulatione,  that  it  ia  ateM 
imponible  to  obaerre  directly  the  order  cS  superpodtion  of  the  tada, 
■a  ^ipears  from  the  fact  of  IVofeaaor  Sedgwick's  placing  hi*  guy 
below  the  Uandeilo  flags  instead  of  above  them,  which  from  RdiaK 
Banuay's  section  t  is  obviously  their  true  position. 

CovBERLAiTD  AND  Ws»THoaEuin), — In  theee  ooonties  the  loa* 
Llandeilo  flags  are  represented  by  a  thick  group  of  elates,  known  isAs 
Skiddaw  slates,  contoinLDg  graptoUtee,  trilobites,  and  brschiopois  4 
Uondeilo  types,  but  the  Lingula  flogs  ore  nowhere  reached.  Abm 
the  Skiddaw  group  comes  a  great  succession  of  green  elates  and  pv- 
phyries — derived  from  the  ejections  of  Lower  Silurian  TcdcanocSi  !■ 
these  beds  foRsiU  are  very  rare,  but  overlying  them  comes  thi 
limestone,  which,  from  its  fossils,  is  idcutiB^  with  the  Bala 
These  rocks  pass  under  other  beds  which  represent  the  upper  dimn 
of  the  Silurian  system.  J 

ScOTLUfD. — The  southern  uplands  of  Scotland  consist  alnvMt  whol^ 
of  Lower  Silurian  rocks,  forming  a  long  continuous  strip  of  high  ffsai 
from  St  Abb's  Head  to  Portpatrick.  The  greater  part  of  tins  u* 
appears  to  belong  to  rocks  of  Llandeilo  age ;  here  and  there,  particnisdj 
in  Ayrshire  and  at  the  Leadhills,  portions  of  a  Caradoc  or  Bala  md* 
appear,  while  in  the  former  area  these  are  overlaid  with  Lower  Um* 
dovery  rocks.  In  the  Llandeilo  series  graptolilcs  are  the  chief  fi»ki 
being  particularly  abundant  in  certain  dark  antliracite  shales  iriiick 
occur  in  diiferent  horizons,  as  at  Moffat  and  Leadhills.  The  Canto 
limestones  of  Ayraliire  have  yielded  a  lai^  assemblage  of  conh 
brochiopoda,  trilobites,  ctc§ 

The  Scottish  Highlands,  as  shown  by  the  labours  of  Sir  Rodetki 
Murchison,  consist  almost  wholly  of  metamorphosed  Silurian  n>^ 
From  underneath  the  thick  formations  of  gneiss  and  schist  forming  ^ 
great  mass  of  these  districts,  there  rise  in  the  west  of  Sutherland  W 

I  Horfu  Sect.  OenL  Snrrey,  Bbcet  4. 

t  SilaTia.  p.  14n,  niid  pipen  b;  I>rofeunr  Hirknm  (Oimrt  Jaut*.  OaL  Sac.,  nh.  A 
Hi.  uid  xilT  X  »nd  by  bim  ud  Dr.  Nlcbolign,  op.  til.  yoL  Kili.  pp.  WS-S. 

I  Bee  MarchUoD'B  SUnrUt,  pp.  IISM.  and  rebmiMt  Umk  olt«l;  OtM*,  "Os  tl* 
BwwMdoD  m  tba  SUnriu  Books  of  aootlsiid,-  ItMM.  OnL  Soo.  «a«iiB,  toL  UL 
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Rose  qnaitz-TOcks  and  limestones  in  which  orthoceratites  and  other 
recognisable  Lower  Silurian  fossils  occur.  The  subsequent  conjoint 
xeBearches  of  Sir  Roderick  and  Mr.  Gteikie  have  made  it  dear  that  the 
lower  or  quartz-rock  series,  i^ith  associated  limestones,  is  brought  up 
again  and  again  by  vast  folds  of  the  strata  spreading  over  the  Highlands, 
up  to  their  southern  border.  * 

Ireland^ — The  Lingula  flags  are  not  yet  known  in  Ireland.  Their 
diflcoveij  would  be  of  interest,  as  throwing  light  on  the  question 
whether  they  would  be  conformable  to  the  Cambrian  or  to  the  Lower 
Silurian  rocks,  or  would,  as  in  Wales,  introduce  conformity  throughout 
the  series.  The  Lower  Silurian  rocks  of  Wicklow,  Wexford,  and 
Waterford,  are  of  the  Bala  and  Caradoc  age,  as  shown  by  their  fossils, 
and  have  unfossiliferous  beds  below  them,  which  may  or  may  not  belong 
to  the  Llandeilo  group.  They  rest  uncoiiformably  on  the  Cambrian  rocks 
below,  and  consist  of  dark-blue  or  black,  and  grey  flags,  slates,  and 
grits,  sometimes,  as  in  Wales,  becoming  purple,  green,  olive,  etc.  They 
(SOntain  many  beds  of  contemporaneous  volcanic  rocks  (felstone,  tuff, 
etc)  like  those  of  Wales,  and  one  or  two  calcareous  bauds  (very  like  the 
Bala  limestone)  near  Courtown,  and  at  Tramore.  Their  thickness  must 
be  many  thousand  feet,  but  there  are  no  good  continuous  sections  suffi- 
cient to  determine  it  exactly.  The  fossils  are  found  only  in  the  upper 
part  of  the  series,  in  the  neighbourhood  of  the  igneous  rocks  t  and  cal- 
careous bands,  and  the  exact  relations  of  the  lower  beds  are  accordingly 
unknown.  The  island  of  Lambay,  and  the  promontory  of  Portraine 
in  County  Dublin,  also  expose  slates  and  calcareous  bands  belonging  to 
this  period,  and  full  of  characteristic  Bala  fossils,  as  do  also  the  hiUs  of 
the  Chair  of  Kildare.}: 

Another  great  tract  of  apparently  similar  beds  stretches  from  the 
centre  of  Ireland  (Cavan,  etc.),  to  the  coast  of  Down.  Among  these, 
however,  a  portion  certainly  belongs  to  the  Llandeilo  flags,  as  near 
BellewBtown,  on  the  confines  of  Dublin  and  Mcath,  an  assemblage  of 
the  following  fossils  characteristic  of  that  group  was  collected  years  ago 
by  the  late  J.  Flanagan,  and  determined  by  Mr.  W.  H.  Baily,  viz. — 
Didymograpsm  Murchisonii,  Dijylo^rapsus  prist  is,  Graptolithus  Nilsoni, 
G»  aagittarius,  Siphonotrcta  jnicula,  Lingula  resembling  L.  ovata,^  At 
a  place  called  Kilnaleck,  in  the  County  Cavan,  a  baud  of  anthracite 
ocean  in  these  rocks,  and  may  be  traced  also  in  County  Down,  as  if 

*  See  the  authorities  cited  in  the  footnote,  ante^  p.  524. 

t  The  eraption  of  igneous  rocks  at  the  bottom  of  the  He.i,  though  doubtless  occasionally 
destractiTe  of  animal  life  at  the  moment,  seems  generally  favourable  to  its  develoiuuent 
during  the  period.  Contemporaneous  trai)-rocks  have  often  highly  fossiliferuus  beds  inti- 
mately aMOciated  with  them. 

X  See  Explanation  of  Sheets  102, 112,  and  119  of  the  Maps  of  the  Qeological  Surrey  of 
Ireland. 

I  See  Baily,  Joum,  GeoL  Soc.  Dublin,  \x.  p.  800. 
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■trikiiig  from  tbe  nmilu  uitlncitio  bands  of  the  sooth  of  Sndui 
It  U  SMocuted  with  bkck  slates  eontsinii^  an  assemblage  of  gnp- 
litaa,  reaembling  thow  of  the  Scottish  beds,  Oa  Slieve  Beni^ii 
the  County  Clare,  north-west  of  KiUaloe,  fint  examined  hj  ~~  '  " 
Kinahan,  graptolite  shales  are  i^un  found,  oontaining  eeveial 
■pecies.  Bed^  believed  to  be  of  the  «ame  age  fonn  tbe  heait 
Qtity  mountain*.  In  the  Cratloe  hillg,  north  of  Limerick, 
whidi  probably  belong  to  the  Lowet  Uandoveiy  gioap,  while  tt 
place  Uiere,  foeeiU  of  Upper  LUndovei?  age  have  been  obtained.  ' 
rocks  of  the  hill  called  Knockdugowna  aUo,  to  the  west  of  BosacB,< 
probably  of  Llandovery  age.  In  the  north  of  Ireland  the  Lown  ~' 
lisn  rocks  of  Fomeroy,  Tyrone,  and  other  places,  yielded  «  rich  ~ 
of  fossils  to  the  labours  of  the  geological  branch  of  the  Ordnance 
imder  the  lat«  General  Pottlocfc." 

On  the  flanks  of  the  Dublin  and  WicUow  granites,  the  LoM 
dorian  slates  and  grits  are  greatly  metamorphosed  into  micftandid* 
Bchist«,  and  occasionally  into  ((neias,  and  are  often  full  of  ciyitils  (( 
andalusile,  staurolite,  schorl,  felspar,  and  other  minerala.  Other 
moiphic  tracta  in  the  north-west  of  Ireland  may  be  also  compowdif 
metamorphosed  Lower  SUuriaD  TtKks.t 

Foreign  Iiocalities. 

Bohemia, — B;  th«  long  and  Uljoriout  reaciLTehes  of  M.  Bunade  the  geaei 
palffionlaJoglca)  laccegBlon  among  the  Silurian  roclu  of  Bohemia  hu  been  "^ 
mule  oat.  That  obsarrer  divides  the  atrsta  of  the  Silurian  buin  or  that  eonnliT 
Into  stages  (^taget),  each  chuvcteriied  by  a  distinctive  foima,  and  miiiol  If 
him  with  a  di9tingui>hiDg  letter.  Uia  Stage  C,  or  primordial  zone,  conwpouli 
to  our  Lingula  dags.  It  congiala  of  aigUlsceoua  schista,  and  contaiu  via' 
BuTBada  coIIh  hie  Primordial  fanna.  Ita  trilobites  belong  to  the  psf 
Agmutui,  Ariondliu,  Conoceplu^ia,  Ellipaxtp/ialiu,  tli/iiroer/Aaiiii,  F"* 
daxiilti,  and  Sao — genera  which,  eii^ept  AgnaslHi,  are  entirely  conBned  to  tii'' 
lone.  Stage  D  correspunda  to  our  BaU  or  Ciirador  group,  ao  that  the  Lbal'il' 
group  iMma  to  be  either  nnreiiroseuted  in  Bohemia  or  to  be  divided  beiw* 
Stages  C  and  D.  The  latter  ntoga  consiata  of  ijmirtiit«,  etc.,  and  inctndn  tbi 
■«i»iiid  fauna  o[  Bamnile,  whii^h  contains  8t  species  of  trilobit«a  belonging  to  ttt 
genera  Addatpii,  jBglitia,  Ampgx,  Aiaphue,  C'An'ninu,  Ulanits,  Ogggia,  Tn» 
ctena,  and  22  othen. 

Seandinavia. — In  the  northern  parts  of  Norway  the  order  of  sucMsalon  ant 
the  older  palieozoie  rocks  Bppeata  closely  to  raemble  that  of  Scotland.  An  aldM 
or  bottom  gneiss,  probably  Laurentiui,  is  imconformably  overlaid  by  red  und- 
atones  (Cambrian)  over  which  comes  an  npper  melamorjihic  series  with  tan  fosol* 
and  believed  to  be  of  Lower  Silurian  age.  In  Soulhem  Norway  and  in  Snia 
the  Silurian  rocks  are  comparatively  undisturbed  and  unaltered.  They  an  that 
never  much  more  than  1200  feet  thipk,  and  are  yet  said  to  contain  represratatrt" 
of  each  of  the  groups  which  mules  up  the  80,000  feet  of  British  Silurian  strata! 

*  See  U*  Stpfrl  on  M<  Gtelotn  afLomUmiirni,  etc. 
(  BeeHarltne«*,«iHn.  J«ira.CnA&uivU.lMl;Bulixll. 
t  HDtcUHn,  SUvia,  y.  IM. 
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n  M.  Angelm  has  ezamined  the  rich  famia  of  them  rocks,  and  divides 
ian  system  there  into  regions,  according  to  the  characteristic  fossils.  His 
L  (Olenorum)  and  Region  B  (Conoeorj^fharum),  consisting  of  alominona 
id  limestone,  are  approximately  equal  to  Stage  C  of  Barrande,  and  there- 
ir  Linguls  flags.  The  Scandinavian  strata  contain  71  species  of  trilo- 
he  same  pecnUar  genera  as  the  Bohemian  beds,  bnt  without  one  identical 
Angelin's  Regions  B  C  {CenUopyfforum)  consisting  of  aluminous  schist 
t  limestone ;  C  {Asapharum)  formed  of  grey  and  reddish  impure  lime- 
md  D  {Trimtelwrum),  consisting  of  marly  schists  with  calcareous  concre- 
)  together  approximately  equal  to  Stage  D  of  Barrande.  There  are  81 
f  tiilobites  in  the  Bohemian  beds  D,  and  176  in  those  of  Scandinavis, 
umI  D.  The  genera  are  the  same  in  both  countries,  and  the  species  nearly 
lut  there  is  said  to  be  not  one  species  common  to  the  two  districts.*  It 
ubtful  whether  these  specific  differences,  existing  together  with  generic 
t,  be  due  to  a  want  of  exact  synchronism  in  the  age  of  the  beds,  or  to  the 
ical  distribution  and  limitation  of  the  life  of  tiie  period ;  whether,  in 
f  are  the  result  of  time  or  space. 

\  America, — A  copious  development  of  the  Lower  Silurian  system  has 
nd  to  spread  over  wide  tracts  of  the  United  States  and  Canada.  The 
I  table  shows  the  subdivisions  there  established,  with  some  Of  their 
istic  fossils. 


ery  \  Oneida  Conglomerate 


E  OF  THE  Lower  Silubun  Ststem  of  New  Tore  and  Canada,  f 

Medina  Sandstone    .     .     lAngiUa  (MnecUci,  Atrjfpa plicata^  A.  reii- 

ctUaris,  Pentaments  Barrandi,  Moduh 
lopsis  proprigenia,  Caljfmene_Blumen' 
hachvL 
Corals;  Leptana  sencea^  L.  traruver' 
salis,  Stropkomena  aUemata,  S,  de- 
preasa;  Pentamerua  revernu,  BeUe^ 
rophon  bilobatuSf  Calymene  Blumen- 
bachii, 

Hudson  River  Beds  .  .  FossHs  in  great  part  the  same  as  in  Tren- 
ton Limestone.  Tentaculites ;  Orthia 
teatwdinaria  ;  Strophomena  aUemata  ; 
Leptioma  aericea;  Bellercphon  hUoba' 
tua;  AmJbonychia  radiata;  Modidopaia 
modiolaria;  TrinucUua  cancentriataf 
etc. 

Utica  slate      ....     OraptdUea^  Lingula^   Orfncula,  OrUUa; 

trilobites  chiefly  the  same  as  in  group 
above. 

Trenton  and  Bird*s-eye  Crinoids  abundant*;  cystideans ;  starfish ; 
Limestoues  Chatetea;  Linguia;  Leptoena ;  Stropho- 

mena ;  Atrypa  (many  species);  Avi- 
cula;  Pleurotomaria  ;  Solopcea;  Mvr- 
chiaonia;  BelUrophon;  Aaaphua  ;  lao- 
telea  ;  lUcenua  ;  Phaoopa  ;  CcUymene  ; 
Adduapia;  Trinudeua;  many  CepAo- 
lopoda. 


Banande's  ParaMa  anitt  Ua  dapdta  SUwrient  da  SoMau  tt  SecmdinavU, 

t  From  SUwria,  p.  44d. 
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Tabu  or  tbz  Lower  Siluriak  Smm  or  Niw  Yobx  akd  CSuuba' 

FoMflt  M  a  wbok  maoh  Hit 
TnnfeoiL  limflttone. 


Uandeao 
Bedi. 


TromAdoo 
SlAteB. 


Lingnla 
Flags. 

Gumlyriaii  . 


Chazy,    SUlery,! 

Lanzon,  and  f  Qaebeo 
L^vis  Lime-  i  Group, 
stones  ) 

Upper  Caldferous  Sand- 
rock 

!  Lower  Caldferoua  Sand- 
rock 
Upper    Potsdam  Sand- 
stone 
Lower    Potsdam  Sand- 
stone 
St.  John's  Oronp 

Huronian 


ifiirdUtoiiMi  And  Pkmnitmma  ( 
spedes). 

PolysoA  and  Corals;  Enoimtai 
tamo,  Ofiku,  A  trjfp^/Madmm  i 
RaphiHomOf    Mwrekitomm: 
laoUks,  S 

OpMkta  eompaeta^  Maeburm,  SWkb ' 
ihoeeroBfLinffuki  prima  wnALi 
ScoHthutj  Cnmama  and  Ssa^meda 

No  fossils  yet  found  in  AmezieaL 


Upper  Silurian. 

If  we  letam  to  the  neighbourhood  of  Llandovery,  in  South  Wi 
we  shall  find  that  over  the  sandstones  already  described  as  the  Lows 
Llandovery  beds,  certain  other  sandstones  come  in,  not  very  diffeieot 
from  them  in  lithological  diaracter,  and  having  some  fossils  in  cohudoil 
with  them.  They  vary  there  from  300  to  700  feet  thick.  They  are 
separated  from  the  Lower  Llandovery,  because  they  rest  unconformablr 
upon  them  and  overlap  them,  so  that  when  traced  towards  the  noitk 
they  rest  directly  on  the  Bala  beds.*  They  are  called  the  Upp^ 
Llandovery  rocks,  and  they  form  the  true  base  of  the  L^pper  SilurUa 
series.  That  they  are  pbvRiciQly  distinct  from  the  Lower  LlandoTeiy  i? 
shown  not  only  by  the  local  xmconformity  near  Llandovery,  where  ther 
are  both  present,  but  also  by  the  fact  that  wherever  the  Lower  Llan- 
dovery rocks  are  to  be  seen  they  adhere  to  and  form  the  top  of  tl» 
Lower  Silurian  series,  while,  wherever  the  Upper  Llandovery  are  seen, 
they  lie  conformably  beneath  the  rest  of  the  Upper  Silurian  series,  bm 
are  distinctly  and  often  widely  unconformable  to  the  Lower  Silurian 
It  is  indeed  a  renmrkable  fact  that  wherever  the  Upper  Silurian  and 
Lower  Silurian  rocks  are  found  together  in  anything  but  a  horizontal 
position,  there  is  an  unconformable  break  between  them.  This  is 
often  a  clear  discordance  in  the  lie  of  the  rocks,  so  that  they  obviouslf 
dip  in  different  directions  or  at  different  angles.  But  even  where  the» 
is  no  apparent  unconformability,  and  they  dip  and  strike  appaientlf 
together,  the  unconformity  may  eventually  be  discovered  by  differed 
parts  of  the  two  series  being  in  apposition  in  different  places. 

It  has  sometimes  Ijeen  proposed  to  join  the  Lower  and  Upper  Llan- 
dovery rocks  as  a  separate  or  Middle  Zone  of  the  Silurian  system.  ^ 
fossils  of  these  two  groups  have  a  common  general /tictea  sufficient  to 

*  See  Geological  Survey  Maps,  Sheeta  41  and  4S ;  and  Horismtal  Sectiona,  Sheei  4. 
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I  off  horn  the  other  Silnrian  foimations,  but  haidly  such  as 
the  erection  of  a  middle  division  of  the  systenL  They  are 
ly  beds  of  passage  between  Lower  and  Upper  Silurian  strata, 
sal  break  or  unconformability  between  the  Lower  and  Upper 
Y  rocks  of  Wales  has  served  as  a  convenient,  though  some- 
trary  line  of  division  between  Lower  and  Upper  SUuiian. 
ii  this  physical  discontinuity  is  accompanied  also  by  a  change 
sils,  the  two  great  sections  of  the  Silurian  system  are  con- 
h  each  other  oiganically  by  the  species  which  pass  from  the 
ito  the  Upper  Llandovery  beds. 

'pical  subdivisions  of  the  Upper  Silurian  series  of  Wales  and 
at  parts  of  England  are  the  following 


up 


DUp, 


or  May 
P     .    . 


9.  Ulestone 

8.  Upper  Ludlow  rock 

7.  Aymestry  limestone 
6.  Lower  Ludlow  rock 
5.  Wenlock  limestone 
4.  Wenlock  shale 

8.  Woolhope  limestone 
2.  Tarannon  shale 
1.  Upper  Llandovery  rocks 


Fest 

1000 

900 

160 

900 

160 

1400 

60 

600 

900 


tion  taken  across  Wenlock  Edge  (Fig.  163)  or  in  the  Wool- 
sy,  Herefordshire,  shows  the  way  in  which  these  groups  of 


WCNLOCK 

cocc 


CALLOW 

HILL 


C.C 


MIX 


Fig.  153. 

XMS  Wenlock  Edge,  redneed  from  Bbeei  84  of  Horixontal  Bectloui,  Oeologieal 
Barvej.    Drawn  by  W.  T.  ATeliae. 

Length  of  Section  about  fonr  miles. 

{.  Red  Sandfttone,  supposed  base  of  Old  Red  Sandstone. 
K  Upper  Lodlow— Orey  and  brown  shale  aad  sandstone  900  feet 

g.  Concretionary  limestone  (A jniestry^  .       .  .        :        IM    „ 

.  /.  Lower  Lodlow— Orey  and  brown  caleareoos  sandy  shale .       MO    ,, 
^e.  Grey  nodalar  concretiMiary  limestone  (Wenlock  and  l>nd- 

ley  limestone; IM    ,, 

d.  Orey  and  brown  sandy  shale,  often  eoneretlonaiy  (Wen- 
lock shale,        1400    M 

^c  Limestone  (Woolhope  and  Barr> M    ^ 

eiy    b.  Sandstone  and  Conglomemte  (Llandovery), 
kn  .    a.  Bala  beds  or  Caiadoc  Sandstone. 


eded  each  other  between  the  Lower  Silurian  rocks  on  whidh 
and  the  Old  Bed  Saodstone  which  averli««  IVmsul 

2x 
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Upper  U&iidovflrr  Groop. — In  puts  of  Shiopdiin  tlta  sm» 
fonnitj  between  Lower  uid  Upper  SflaTMai  roob  ii  Mt  Tif 
itriking,  and  it  eo  liappeDa  that  tiiere  tho  BaLi  and  Car^oe  btdi  o 
*ut  of  yellow  aad  brown  aaudatones  of  veiy  much  the  mimiiodB 
aa  the  Llandovery  beds  wbicti  overlie  them,  lo  that  they  wen  otfa^ 
claated  together  under  the  name  of  the  Caradoc  undatone.  Tb^M 
in  like  manner  been  called  Caradoc  on  the  west  flank  of  JUto^' 
Woolhope,  and  Ma;  Hill,  and  ebewher&  Profeaaor  Bedgwick  m  'k 
flnt  to  point  out  the  neceaaity  foi  Kparating  these  beds  foua  the  Low 


Foisll  Qnrap  No.  fl. 

LtindDTery  FouU*. 

a.  Atrypa  bemlnpherlci.  d.  8trlck1inilinl)i  Isu. 

i.  He ristrlla  ingiutlftcDS.  c.  FenUmenu  oblnsgiu. 

c  Urttug  revem.  /  CbltoQ  OrifBUiU. 

0.  Cyrtoceru  ippTDXinutuiii. 

SUtirian,  and  proposed  the  name  of  the  May  Hill  Sandstone  for  lbs- 
Messrs.  AveltQC  and  Salter  aft«rwardi  traced  the  unconfonnity  betn< 
them  and  the  Caradoc  beds  in  ShropBhire,t  and  their  presence  iraf^ 
scquently  recognised  as  the  base  of  the  Upper  Silurian  series  io  B 
other  localities.  After  seveml  names,  snch  as  Upper  CoradiK^  F< 
meruB  beds,  Wenlock  grit,  etc.,  had  been  proposed  and  discarded,  ft 
now  seem  to  have  been  settled  as  Llandovery  rocks.  To  this,  bo«'" 
the  name  "  May  Hill  Sandstone  "  should  be  added  as  a  seooivl  t* 


'  Quart.  JiMrn.  Otol.  Sot,  tt  SI 


t  Op.  ett.  I.  «. 
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Vofessor  Sedgwick,  with  M'Coy,  first  indicated  their  diBtinetness, 
>h  they  did  not  work  it  so  thoroughly  out  as  was  afterwards  done 
(Geological  Survey. 

The  Upper  Ijlandovery  or  May  Hill  Sandstone  is  usually  a  grey, 
wn,  or  yellow  sandstone,  sometimes  becoming  a  conglomerate, 
ndstones  are  sometimes  calcareous,  passing  into  courses  of  sandy 
)ne  in  some  places.  Of  about  230  species  of  fossils  found  in  this 
ision,  the  following  may  be  said  to  be  characteristic  of  this 


oa. 


poda 


ra 


toda 


K>da 


Cyathophyllum  angnstnm 
Petraia  bina  {prnd  Wenlock) 

elongata . 

Atrypa  hemisphserica 

reticiilaris 

Lingola  cruinena 

parallela 

Orthis  lata . 


reyeisa 


PentameniB  globoeus 

oblongus 

undatus 

Stricklandinia  (Pentamenis)len8 

lirata 

Meriatella  (Rhynchonella)   an-  ' 

gnstifrons 
Rhynchonella  neglecta 
Strophomena  compressa 
Pleurorhynchus  pristis 
Ctenodonta  deltoidea  . 

Eafitnori    . 

lingualifl    . 

Lyrodesma  cuneata 
Pterinea  sublaevis 

bullata 

Chiton  Griffithii . 
Cyclonema  quadristriata 
Euomphalus  pnenuntius 
Holopella  plana . 

tenuicincta  . 

MacTocheilus  fusiformis 
Morchisonia  angnlata  . 
Pleurotomaria  fissicarina 
Raphistoma  lenticularis 
Trochonema  tricincta  . 
Trochns?  multitorquatns 
Turbo?  tritorquatus    . 
Cyrtoceras  approximatom 
Lituites  undosus 
Orthoceras  Barrandii  . 
Tretoceras  bisiphonatom 


SU.  foss.  pi.  39. 
Sil.  foss.  pL  38. 
Sil.  foss.  pi.  38. 
Foss.  gr.  6,  a. 
Sil.  foss.  pi.  9. 
SiL  foss.  12. 
Mem.  0.  S.  ii.  pt  I. 
SiL  foss.  pL  9. 
Foss.  gr.  6,  c. 
Sil.  foss.  pi.  8. 
Foss.  gr.  6,  e.' 
Sil.  foss.  14. 
Sil.  foss.  pi.  8. 
Sil.  foss.  15. 

Foss.  gr.  6,  b. 

Sil.  foss.  9. 

Sil.  foss.  pi.  9. 

M*Coy,  Sil.  foss. 

Mem.  G.  S.  ii.  p.  866. 

Sil.  foss.  pL  10. 

Mem.  G.  S.  ii.  p.  367. 

Mem.  G.  S.  11  p.  866. 

M*Coy,  SU.  foss.  p.  23. 

M*Coy,  SU.  foss.  p.  23. 

Foss.  gr.  6,  /. 

Mem.  G.  S.  ii.  p.  388. 

Mem.  G.  S.  u.  p.  357. 

M'Coy,  Sil.  foss.  p.  12. 

M*Coy,  Pal.  foss.  p.  304. 

SU.  foss.  pi.  10. 

Ibid. 

Mem.  G.  S.  ii.  p.  857. 

SU.  foss.  pi.  10. 

M'Coy,  SU.  foss.  p.  14. 

Ibid  p.  15. 

Ibid.  p.  12. 

Foss.  gr.  6,  g. 

SU.  foss.  pi.  11. 

Q.  J.  Geol.  S.  yiL  p.  177. 

SU.  foss.  pi.  11. 


*  Catalogue  in  the  last  edition  of  SUwria. 
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Eddnodermata  Pa1«Mter  oofOMlla 


Aim.  N«tHiitt.9^iz.p^i 


K.  O.  &  li.  p.  584. 
K.  O.  &  ilL  p.  SSS. 
Q.  J.  O.  &  ziiL  pu  306. 
8a.fiMi.pL  10. 


Palsechinusf  PhUlipda 
PleurocyBtites  Rugeri . 
CruUaeea  .    .     Acidaspis  callipftreot  . 

Encrinurns  pnnctotiii . 

S.  Tlia  Tarannon  Shales. — ^In  the  Lbuubvery  caantrj  tbe  Up) 
Llandovery  or  May  Hill  rocks  are  succeeded  by  m  group  of  pals  gr 
smooth,  &ie-gTaiiied  slate  rocks,  to  which  the  name  of  *Tuaai 
shales"  has  been  given  by  Professor  Bamsay,  liom  the  valley  and  n 
of  that  name,  between  Llanidloes  and  Dinas  Mowddwy,  iHmr  d 
attain  a  thickness  of  600  feet  These  pale  alatea  aoaw^iBflS  dui 
into  a  bright  red.  They  may  be  traced  from  South.  Wain  lUtD  Ko 
Wales,  and  followed  through  aU  the  undolationB  of  the  xoeks  dan 
Conway,  forming  either  with  or  without  the  Upper  Llandofeiy  hed 
marked  line  of  separation  between  the  Lower  aiid  Upper  SUaxiBn  ( 
tricts.  This  little  group  ^had  likewise  not  escaped  ^e  ohaemtion 
Professor  Sedgwick,  who  describes  them  under  the  name  of  tiiftBfaip 
slates,  as  '^  pole,  leaden-grey,  x)assing  into  greenish-grey,"  with  "hetnt 
cleavage  planes."  He  at  first  gave  them  their  true  place,  at  the  k 
part  of  the  Upper  Silurian,  though  afterwards  he  was  led,  by  the  v 
derfuUy  contorted  condition  of  the  country,  to  dasB  them  with 
Lower  Silurian.  *  Although  a  distinct  physical  group  of  some  imp 
ance  in  Wales,  the  Tarannon  shales  seem  to  be  confined  to  thateous 
Fossils  are  very  rare  in  them,  and  it  cannot  therefore  be  said  with 
tainty  whether  they  belong  most  decidedly  to  the  Llandovery  groQf 
to  the  Wenlock. 

Wenlock  Group. — 3.  'Woolhope  or  Barr  Limestone. — A  \oci 
occurring  group  of  beds  of  grey,  argillaceous,  nodular,  ooncietioD. 
limestone,  interstratified  with  grey  shales,  occasionally  attaining  a  thi 
ness  of  100  feet.  It  forms  a  ring  round  the  dome  of  Llandovezy  su 
stone  in  the  Woolhojje  valley,  and  is  well  seen  at  Nash  Scar,  n* 
Presteign,  on  the  west  flanks  of  the  Malvern  hills,  at  Great  Bair 
Staffordshire,  and  at  May  HilL 

In  North  Wales  the  Tarannon  shales  or  Rhayader  slates  are  ^ 
ceeded  by  a  groat  sandstone  fonnation,  consisting  of  coarse  brown  an 
stone,  with  occasional  quartzose  conglomerates,  and  interstratified  ^ 
black  slates,  and  passing  up  into  brown  flags  and  slates,  which  ve: 
called  Denbighshire  sandstone  and  flag  by  Mr.  Bowman  and  Profe9i< 
Sedgwick,  a  name  adopted  by  the  Geological  Survey.  Over  th«e  * 
other  beds  of  shale  or  slate,  and  flag  or  sandstone.  The  beds  ^ 
lie  next  above  the  pale  Tarannon  shales  contain  few  fossils,  but  tk* 
are  of  species  which  show  them  to  belong  to  the  Wenlock  group. 

4.  'Wexdock  Shale. — Generally  dark  grey,  sometimes  black  sin* 
with  occasional  calcareous  concretions ;  1400  feet  thick. 

*  Quart.  Jotcm.  OtoL  5oe;  UL  p.  l&S. 
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8.  Tha  Wanlook  Umestono  u  an  irregnlarl^  occurring  set  of  con- 
etiooaiy  limeatoneg,  Bometimea  thin  and  flaggy,  eometimes  maanve 
MMB  of  highly  ciysUUine  carbonate  of  lime  ;  eometimes  in  one,  eome- 
nea  in  two  or  three  aete  of  beds,  with  interstnitiSed  ahalcB,  forming  a 
ickness  of  100  to  300  fecL  These  beda  are  admirably  ahown  in  all 
«  country  between  Aymeetry  and  Ludlow,  and  along  Wenlock  Edge 
Bentbal  Edge  near  Coalbrookdale,  aa  well  as  at  the  places  juet  men- 


Wenlock  FouiU 


a.  AcarTUluU  InlDClanl. 
t.  Omphyma  tnrbiDiluiD. 
£-  Abjphi  ntlcnlArti. 

ff.  BuompbaluB  dlscon. 

^»ed  ae  showing  Woolhope  Limestone,  and  at  the  Caatle  Hill  and 
I%n>  Nest  near  Dudley  ;  as  aho  near  the  town  of  Walsall  in  Staf- 
<4ehire,  and  in  the  neighbourhood  of  Usk  in  Monmouthshire. 

CAaracterittic  FouiU. — In  all  these  placea  the  beds,  especially  the 
'teatoneB,  abonnd  is  fossils,  of  which  the  following  list  is  a  selection 
*t  indndes  the  most  abundant  and  characteristic  species.  Many  of 
^  species,  however,  which  abound  in  the  greatest  piofuaion  in  thie 
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WeTilMk  rocks,  are  to  be  foiind,  though  rarely,  in  eilbr  a 
lateT  formation*,  or  Id  both.     These,  then,  are   not  ch&nirtrrlrU:  al 
f^DfC  cif  t*ii%-  jtculiar  to  the  Wenlijck  rocks,  bat  as  ban^  n 
dact  in  them  thai]  ebewbeK.      UeK,  loo,  ua  in  Mime  otbe:  pm  -i 


e± 


geolf^cal  eeriee,  it  is  the  assemblage  of  fossils  that  becomes  chuw^ 
istic  i  any  one  or  two  of  these  species  maj  be  found  in  some  '^ 
gTDup«,  but  in  no  other  are  thej  all  asaembled  together  is  ibe  >^ 
ilauce  in  which  they  occur  in  the  Wenlock  rocks.  I 

AuujTfikeBa     T  Stroninlopo™stri»telk(fiaiiaiid£iut- [  gj,   .        ,, 

dmn) f  ~  I 

AcerriiUria  tuxuHana        .  Foat  gr.  7,  a. 

AlTKilitei  RpRis  and  Labechei  .  8iL  toB.  IE. 

F.nsila  Goilmdicus  \Baia  to  LihUow)      Sa  lam.  17, 

fibrofliB  {Llaitdorriy  te  LuSow)  Sa  fosa  31. 

BdioUtMarayL 
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a   .     Omphyma  tarbinatam  {Bala  to  Wenlock)   Foss.  gr.  7,  b» 

Petraia  bina  {and  Llandovery)  .         .        SiL  foss.  53,  pi.  38. 

Syringopora    bifarcata    {Llatidovery    to )  gj,   -       on 
JauUow)       .....) 

Stenopora  fibrosa  {Uandeilo  to  Ludloto)     SiL  foss.  17. 
%   .     Graptolithus  Flemingii      .         .         .         Q.Geol.  Jour.viiip.  390. 

Cellepora  favosa. 

Ceriopora  afSnis. 

Discopora  antiqua    ....        Sil.  foss.  pi.  41. 

Fenestella  Lonsdalei ....        Ibid, 

Ptilodictya  scalpellum  {and  Llandovery)     SiL  foss.  51. 
oda    Atrypa  reticularis  {JJandovery  to  Ludkw)  Foss.  gr.  7,  c, 

Orbiculoidea  Forbesii  .         .        Davidson,  Sil.  Brach. 

Obolns  transversus. 

Orthis  elegantola  {Llandeilo  to  Ludlow)     Sil.  foss.  pi.  5,  9,  20. 

rustica. 

Pentamems  galeatus  {and  Ludlow)    .         Sil.  foss.  pi.  21. 

Retzia  Baylei Sil.  foss.  57. 

Rhynchonella  navicola  {and  Ludlow) .        Sil.  foss.  pL  22. 

Wilsom  {JJandovery  to  Ludlow)  Ibid. 

Siphonotreta  Anglica        .         .  Sil.  foss.  58. 

Sjirifer  plicatellus  {Llandovery  to  Ludlow)  Foss.  gr.  7,  /. 

Strophomena  depressa  {Bala  to  Ludlow)     Foss.  gr.  7,  d, 

engtypha  {Llandovery  to  Ludlow)  Foss.  gr.  7,  e, 

ra  .     Cardiola  fibrosa  {and  Ludlow)   .         .         Sil.  foss.  pi.  23* 

Pleororhynchus  equicostatus      .        .         Sil.  foss.  60. 

Modiolopsis  antiqua ....         SiL  foss.  pi.  23. 

M3rtilus  Chemnngensis      .         .  Mem.  G.  S.  ii.  p.  865. 

"PtermeA  TetroAex&  {Llandovery  to  Ludlow)  Foss.  gr.  9,  e. 
loda    Acroculia  haliotis  {and  Llandovery)    .        Sil.  foss.  pi.  24. 

Chiton  Grayanus. 

Euompbalus  discors  ....         Foss.  gr.  7,  g. 

{\m&taa{LlandoverytoLudlow)SiL  foss.  pL  25. 

rugosus.        .         .         .         Ibid.  24. 

Murcbisonia  Lloydii  {and  Ludlow)     .        Ibid, 
oda     Bellerophon  dilatatns  {Bala  to  Wenlock)     Foss.  gr.  8,  e. 

Wenlockensis .        .        .        Sil.  foss.  pL  25. 

ia  .     Conularia  Sowerbyi  {Bala  to  Ijudlow)  Ibid. 

Theca  anceps  {and  Ludlow)        .         .         Mem.  G.  S.  ii.  p.  355. 
poda    ?  Lituites  Biddulpbii  .  .         Sil.  foss.  pi.  31. 

Orthoceras  annulatum  {Bala  to  Wenlock)    Foss.  gr.  8,  /. 

Maclareni         .         .  SiL  foss.  25. 

ventricosum      .         .         .         Q.  J.  GeoL  Soc.  ii. 

^.ermata  Actinocrinus  pulcher        .  Pal.  foss.  p.  1. 

Crotalocrinus  rugosus        .  SiL  foss.  56. 

Cyathocrinus  goniodactylus  .                  Ibid,  pL  14. 

Echino-encrinites  armatus  .  .                  Ibid.  55. 

£ucal3rptocriiius  decorus    .  .         Ibid,  pL  14. 

Marsupiocrinus  cselatus     .  Ibid.  56. 

Periechocrinus  moniliformis  {and  Llan-  )  »        _   o  r 

davery)         .        .        .  .        .      j  Fo«.  gr.  8. 6. 

Psendocrinites  quadrifasciatus    .         .         Ibid.  a. 
Tazocrinus  tesseracontadactylus  SiL  fojis.  pL  14. 

la  ,     Comulites    serpnlarius    {Llandovery    to  \  q.,   «  „.  . ,   ,  /, 
lMdU»v)       .        .        .    ^^.     \  8il.  toM.  v\.  1ft. 
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SertnilitM  limgUniniu  (and  Lvdlne)  .         SO.  tarn.  ji.  11 

TenUcuUtci  omatiu  (Sola  Id  WaUui)       Ibid. 

AcidMpi)  Bunudii  ....         BO.  foM.  SS. 

Ampfi  puTuliu  land  LudloiB)  .  Hem.  O.  B.  p.  SSA. 

BeyncblAKlatdKd  (/nmBtUataTOnbrntim.  bm.  O. 

Caljnieoe  Blumenbachii  i/ron  Bala  to  \  v.,—   _  ■ 
f..jf,— i  t  '"'■  F-  ^'■ 

Dec  O.  &  7. 
8iL  fo«i.<L 

Hanulanotiu  detphiaoeephtlui .  Ibid.  If. 

Ulenu  BuTiaiuu  (amil  JJandirvtrg)  .  Dec  O.  8.  U. 

Uctuu  Anglieua  {and  Ludlimi)  .  SiL  torn.  U. 

Fhicopt  ciudKtiu  {UaMditery  to  Lmdhm)   Foa>,  gr.  8,  A 

Prmtui  Utirrani  {Uandorery  to  Ludiow)    SiL  fow.  <Cl 

Sphsreiochiu  minu  (aw{  Bala)  Ibid. 

SUurocapba]  a.i  M  urctLuonii  \,Ba3a  to  Wenlaet). 
IiTidknr  Qroup. — e.  Tiia  l«war  lindlow  Book  of  Shn|aliin 
tt  iu  bMe  not  unlike  the  Wenlock  ahale — a  d^tk  tandj  ihile,  n 


spheroidal   calcareom   concretiona,  becomiug   more   sandy  aod  fl>g 
above,  generalljr  of  a  pHle-grej'iah  or  gKenuh-brown  colour.    Il 
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lally  Boft,  and  easilf  decompoaing,  so  m  to  receire  the  local  name  of 
idstone.     The  ahalea  are  often  capped  by  beds  of  impure  fullei's 


Ladloir  Fobilts. 


th  (provittciallj  called  .walker's  earth),  *  which  support  the  Aymestiy 

7.  Tba  Arntsitry  Umeitone  is  &  dark  grey  limestone,  rarely  so  thick 
to  pure  as  the  Wenlock  limestone  often  is.     In  Soath  Staflbrdshire 

workmen  call  the  Wenlock  "  the  white  limestone,"  and  the 
tnestiy  "  the  black  limestone."  It  ia  generally  evenly-bedded  and 
;-like,  being  nsnally  earthy  or  argillaceous,  with  small  concietiona. 
>ften  dies  away  into  a  mere  band  of  calcareous  nodulei. 

8.  Tb«  nppar  Ludlow  Book  greatly  resembles  the  lower,  being  a 
htly  micaceous  sandy  shsle  or  flag,  or  soft  argillaceous  sandstone 
Idstone),    generally    thin-bedded,    of    bluish-grey    colour   within, 

Walkar,  tbtt  I*  ftiU«r.  The  old  Sixoa  oDnl  untt  or  uawt.  In  tfa«  huh  of  le  fiili  (clotb), 
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veathenng  externally  to  a  rosty-browii  or  gneniA'ffij- 
Bpberoidal  concretioiu  occiu-  in  it.  The  upper  p&rt  (tf  the 
passes  b;  inseiuibk  giradations  into  fed  aanijj-  Sags,  lodH;  aU' 

e.  The  TOMtonea. — In  Shropshire  the  gmdaticm  fnulbp) 
or  ^n^enish  Upper  Ludlow  iock»  into  the  overlying  red  bcdiiiri 
a  rapid  one.  There  occur,  just  near  the  junction,  one  or  tnl 
bandp,  called  boru^>edt,  coDBisting  of  the  agglutinated  (ragmaA^I 
and  croBtacca,  which  ntay  be  a^)^ed  to  one  or  other  gli)^ 
Downlon  CafitLe  huilding-Htoac,  a  light-coloured,  thiD-t>eildcd,4' 
micai^eoits  eandstone,  lies  above  ibese  bone-beda. 

In  South  Walu,  *)wiit  LtindoTurf  uiil  Llondeilo,  tlie  CppM  SOni  ■ 
Tone  ill  their  diitiuctira  liDtntonee,  find  i^an  only  be  tnaud  «i  oiMgra^e'^ 
SllnrUa.  distinct  tram  the  Lower  Siluriui  lietow.  They  ■»  anjBj  ralkBl 
M  vo  p««  aaosa  tlidr  edgea  n  flnd  the  np)ier  btds  altowtiBs  mUh  ni 
and  gndoallj  pMting  into  a  nun  c<f  ni  rocki  abure — fooil)  uueatrili  ^ 
tha  bed*  happen  not  to  be  rad.  On  the  banks  at  the  rirer  Bavdde,  mml  Jit 
dock,  then  oocnn  a  RKtion,  diHcribed  by  Sir  H.  De  ta  Beche,  of  the  vpfP 
wliicii  llie  follawing  is  an  nbstriu-t- : — 

S.  Qrey  micic«ons,  laminated  sandstone,  fiuUiferota       .  ^ 

*.    Red  aandalones,  rosjls,  and  con  glome  talea  .  .         .         .       T* 

3.   Puqiliah-i^f  micareoos  sandstones,  etc,  .fiixniv^Toiu.  1'' 

!.   Band  oT  red  conglanienil«. 
1.  tiny  and  broim  aandatones,  flagstones,  and  shalea,  arten 

vtry /otiili/tmu SW 

Below  No.  1  we  come  down  into  Lower  Silnriaa  beds,  while  ab4n  Kcl 
beds  are  all  red,  ami,  so  tsi  as  is  known,  quite  nnfoMilifetoas.     The  fosa!" 
the  beds  from  I  to  6  are  Upper  Silurian  fossil*,  and  the  top  of  tin  gn^   ^ 
taken  in  tho  map*  of  the  Geological  Survey  as  the  boondaiy  of  the  VyfK^^ 
all  above  being  congidered  to  be  Old  Red  Sandstone.      If  we  take  giMIs  "* 
as  Tileslonca,  we  shall  get  a  thickness  of  nearly  1500  feet  tor  that  inbdirii 

ChoToeUrutit  /omi?*— The  foasila  of  the  Ludlow  group  •»»*' 
more  than  500  apeciea,  of  which  the  following  list  couCoins  th"  * 
chartLcteiistic  foims : — 

Actinmoa  ,     Cyathaxonii  Silnriensis .        .  11*007,  P»L  foa.  p* 

tlidrocoa    .     Graplolithus  pHodon  {Ba!a  to  Luiilow)     Fosa.  gr.  9,  a. 
Braduepoda    Discina  mgata  (and  H'atlodi)  .         &il-  foaa.  ji.  SO. 

Ibid. 


Ungulact 


-  lata. 


Pmtamenis  Kuightii  {and  WeiUoet) 

Bhyncbonella  nucnla  {LlandaiKiy  li 

LtuUoic\ 


SU.  foas.  S3. 
SiL  fcM.  pL  la 
Thid. 

Foss.  gr.  9,  k. 

\  tbi,i.  rf. 
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tchi/era .     Ayicula  Danbyi     .        .        .        .        F088.  gr.  9,  /. 

Anodontopsis  (several  species)        .        M'Coy,  Pal.  foss.  p.  271-2. 
Ct^^te   AngUca    {Llandovery    to )  ^^  ^^  ^^  ^^ 

Cucnllella  Cawdori        .        .        .        SiL  foss.  pL  34. 

Groniophora  cymbsefonnis  (and  IMnr )  ^^^     ,  ^q 
dowry")     .         .         .         .         .      )         *  v       • 

Modiolopsis  complanata  .         Ibid, 

Orthonota  (several  species). 

Pterinea    retroflexa    (lAandwery   to  \  ^ ^  a  ^ 

Ludlow)   .         .        .         .         .      j  TPo«- gr- ».  «• 
sUropodfi    Acroculia  euomphaloides  .         M'Coy,  SiL  foss.  p.  290. 

Cyclonema  coraUii         .         .         .         Foss.  gr.  10,  a. 

Euomphalos  carinatos   .  .         SiL  foss.  pi.  24. 

Holopella  cancellata  {Bala  to  LudUno)    Sil.  foss.  15. 

Loxonema  sinuosum      .         .         .        Sil.  foss.  pL  24. 

Murchisoiiia  articulata  (and  LUtndovery)  Ibid, 

Naticaparva         ....         Ibid,  25. 

Pleurotomaria  undata    .  .        Ibid,  24. 

teropoda .    Bellerophon  ezpansus  (and  Llandovery)  Sil.  foss.  pL  25. 
iropoda  .    Conolaria  subtilLs. 

Ecculiomphalus  Isvis  (and  Llandovery)  Sil.  foss.  pL  25. 

Theca  Forbesii  (and  Wenlock)        .         Q.  J.  GeoL  Soc.  ii.  p.  314. 
'^udopoda    Ascoceras  Barrandii       .  .         SiL  foss.  63. 

Lituites  articulatus        .         .         .         Sil.  foss.  pi.  31. 

Orthoceras  bullatum  (and  Llandovery)    Foss.  gr..  10,  e. 

Phragmoceras  ventricosum   (and  five  )  ^. . .   ^ 
other  species)    ....      \^^^'J' 
hinodermata  Palseaster  Ruthveni  .         Sil.  foss.  57. 

Palseocoma  Colvini  (and  three  other  )  -c  1  a  ^ 

species)     .         .         .         .  [  Foss.  gr.  10,  c. 

Protaster    Miltoni    (and    three  other  f  ti^.^  . 

<.,>^^{^«  f  Jbia.  b, 

species      .....) 

Taxocrinus  Orbignyi      .         .         .         M*Coy,  Pal.  foss.  p.  53. 
tneUda    .     Crossopodia  lata    ....         M'Coy,  Pal.  foss.  p.  130. 

Serptdites  dispar  ....         Ibid,  Ap.  p.  1. 

Tentaculites  tenuis         .         .         .         SiL  foss.  pi.  16. 

Trachyderma  coriacenm  (and  squamo- )  ^^^  q.  a  iL  p.  331. 
sum)         .....)  ^ 

vstacea  .     Acidaspis  coronata  Q.  J.  Geol.  Soc  xiiL  p.  210. 

Beyrichia  siliqua. 

CalymeneBIumenbachii(^aZatoZ4M22(n0)Foss.  gr.  8,  c, 

Ceratiocaris  Murchisonii  (and  ten  other  )  q-i   x.         ^   la 
species) SiL  foss.  pL  18. 

Encrinurus  punctatus  (Llandovery  tolQ.,    .       ^f> 
Ludlow) I  SiL  foss.  15. 

Eurypterus  abbreviatus  (and  sU  other    q  j  q^^  Soc.  vol.  xv. 

species)     .         .         .  .      ) 

Homalonotus  Knightii   ...         SiL  foss.  pL  19. 

Ludensis. 

Lichas  anglicus  (and  Wenlock)       ,        Sil.  foss.  64. 
Phaoops    caudatus,    Downingise,    and )  0.1   f.„  _i   17 

longicaudatus  {and  Wenlock)       .      }  ^"*  ^^'  P*'  ^'' 
Proetus  latiih>ns  (Llandovery  to  Ludlow)  Sil.  foss.  65. 
Pterygotns  bilobus        ...        SiL  foss.  26. 


80.  (m  jLti. 

O— <»!<■  fWa  ^Oe  m  >i  HI.— Tl*  lalloni^ r«Bib  hm Ml 
ivta  ■«  itrliJ  *fiJeifc«*^"wtaA  lit  a)»TB  the  Do*ntMiOal>< 
■a  Ao*  s  a««v«akli  p^Uan  tarn  IW  Upfa  L^lov  to  tb>  CUU9 

SO.  bo.  Sill  «■ 

PiLfaM.pl1.k. 
&».  St. fLU 

Q.  J.  a  a  nii.  f  » 

^QiwmltiLlmiitimM)  SO.  IbM.  SH 

n4dkD»£aAw)       Q.  J.  G.  &  n. 

mtciiaft  iftemliari  IbvL 

fT^ufK  isj(  ■■  i^iiir.w)     SiL  foffi.  M. 

PtaTfctB  Buksii         ...  SiL  f«t.  £7. 

hrta  dedpwo),  tggs  <d  PUtjigDba  (pecttliar). 

eOi.    .    .     AwkiaB^  SilMri  Q.  J.  G.  S.  cu  pl- 1 

omtBa      .  SiL  (cm.  21 

OfAiilw{<a  HiTFlitnBii  SiL  Toss.  S3. 

OmAk  Hutknaii  (oto  w  ZwBaw)  SiL  pL  S5. 

FVrtndB  BinhilB  tdit)  /M^ 

PKnqn  Bnkn  lAi)  .  SiL  rov.  GS. 

T^  dwKiijajon  of  Uw  Cpper  Silniun  ntcks  jnEt  gifoi  tpi^) 
tlMau  tbivvglMMit  9u>cif«hu«  and  StafFbrdshin,  Herefordalurt  tsA 
<«$t«nluT«,  UouBoatleliiK  and  doncestersliiie.*  If  we  ppx«i 
ikkt diftikt inU  eitbtt  Noilli  Wale*  or,  as aliecdj  Rtuatked,  my' 
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great  change  takes  j^Ace  in  them,  since  all  the  limestones  die  out 
ppear,  and  tlie  days  and  shales  pass  into  hard  slates  and  flags, 
euse  sandstones  and  fine  hard  grits  make  their  appearance  among 
In  the  Clan  Forest  district,  and  thence  through  Radnor  Forest 
Llandeilo  towards  the  south,  or  in  the  Long  Mountain  (between 
srstones  and  the  Breiddens)  on  the  north,  it  is  barely  possible 
ite  the  Upper  Silurian  into  two  groups — the  Ludlow  and  the 
:.  In  all  these  places  they  pass  conformably  and  gradually 
:he  overlying  red  series  (Tilestones  or  Passage  beds)  which  have 
been  considered  the  base  of  the  Old  Red  Sandstone.  Farther 
I  Denbighshire,  even  this  separation  has  been  found  impraoti- 
rhe  Upper  Silurian  consists  of  the  Tarannon  shales,  probably 
ting  the  Llandovery  beds,  and  the  Denbighshire  sandstones, 
present  the  lower  part  of  the  Wenlock  shale,  and  pass  up  into 
eries  of  dark  flags  and  slates,  which  represent  the  upper  part 
'enlock  group,  and  possibly  more  or  less  of  the  Ludlow  series, 
sds  are  very  highly  inclined  and  greatly  denuded,  and  small 
>f  Old  Bed  Sandstone  lie  here  and  there,  nearly  horizontally, 
eir  often  vertical  edges,  the  Silurian  rocks  striking  east  and 
lie  the  Old  Red  Sandstone  ranges  from  south  to  north.  These 
shire  flags  contain  an  abundance  of  laige  Orthoceratites,*  as 
[roups  of  Crinoids  in  some  places,  and  other  fossils  {Cardiola 
3,  etc),  which  prove  their  Upper  Silurian  character  independ- 
their  lying  above  the  Bala  beds  of  the  Berwyns,  and  Cym  y 
id  those  of  Merioneth  and  Caemarvon.t 
BERLAND,  etc — Accordiug  to  Professor  Sedgwick  the  following 
ypical  groups  of  rocks  deposited  during  the  Upper  Silurian 
L  the  north  of  England  : — 

3.  Kendal  group  ss  Ludlow  rocks. 
2.  Ireleth  slates  ss  Wenlock  rocks. 
1.  Coniston  grits  saa  May  Hill  sandstone. 

he  Coniston  grits  have  few  fossils,  and  their  identity  with  the 
I  sandstone  is  therefore  doubtful,  although  very  probable, 
he  Ireleth  slate  group  is  divided  into  four  stages : — a,  Lower 
late  ;  6,  Ireleth  limestone  ;  c,  Upper  Ireleth  slate  ;  d,  Coarse 
grit.  Fossils  are  rare,  but  generally  of  the  Wenlock  type. 
be  Kendal  group  is  divided  into  three  stages  :  a,  A  great  group 
nd  grits  ;  fossils  abundant  and  of  the  Lower  Ludlow  type,  h, 
it  and  flagstone,  with  bands  of  coarse  slate ;  fossils  locally 
:,  and  of  Upper  Ludlow  type  ;  c,  Tilestones,  resembling  those 
diire,  etct     Four  species  of  star^fish  have  been  found  by  Pro- 

st  one  time  Greseis,  \ff  E.  Forbee :  (TioL  Jvwm.  toL  L  p.  146,  and  U.  ^  814. 
e  Maps  71  and  74,  and  Sections  Noc.  S8  and'89  of  the  QeoVoQ^  ^(in«<|. 
%  Uedgwiek,  Synoprit  <i/Cia$tyiaUio%,  etc. 
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f esBOT  Sedgwick  in  the  Kendal  gionp  (stage  (),  of  which 
is  the  most  abundant,  and  Frotoiter  Sed^wkkU  the  most  interesting  ■ 
when  first  described  it  was  considered  to  he  the  only  known  fosd 
lepresentative  of  the  EuiyalidflB,*  althon^  better   ■pedmens,  iimb 
obtained,  show  it  to  have  been  an  abnormal  form  <^  the  PpkimidB.t 

Scotland. — Upper  Silurian  rocks  are  at  present  known  to  oeev 
in  three  localities  in  Scotland,  but  in  none  of  these  have  their  relitioni 
to  the  Lower  Silurian  series  been  accurately  determined.  *Qn  the  sontii 
side  of  the  Silurian  uplands  of  Galloway,  Wenlock  fossilB  have  been 
obtained  near  Kirkcudbright]!  On  the  north  side  of  theae  high  giomid^ 
a  thick  series  of  Upper  Silurian  rocks,  with  PterygatuMy  T^roekuB  kdieUm, 
Linffula  cornea,  and  other  fossils,  graduates  upward  into  the  base  of  tkt 
Old  Red  Sandstone,  while  in  the  Pentland  Hills  m  much  more  aba- 
dantly  fossiliferous  series,  also  passing  up  into  the  Old  Red  SandstoM^ 
contains  representatives  of  both  the  Wenlock  and  Lndlow  groap.§  Ii 
the  valley  of  the  Qirvan,  Ayrshire,  representatives  of  the  LLandoioj 
group  are  well  exhibited ;  but  though  they  contain  some  Upper  SOniia 
forms,  their  general  character  is  that  of  the  lower  Llandovery  rocks. 

Ireland. — Representatives  of  the  Llandovery  beds  are  to  be  found 
largely  in  Galway,  about  Moam,  and  the  south-west  end  of  Lough  Mssk, 
some  of  the  upper  beds  being  prolxibly  of  Wenlock  age.  This  is  tk 
case  with  the  beds  of  Ughool,  near  Bollaghaclerecn,  and  possibly  witk 
those  of  Lisbellaw,  south  of  Enniskillen.  In  all  these  j>laces  great  con- 
glomerates abound,  containing  rounded  blocks  of  syenite  of  one  or  two 
feet  in  diameter.  Beds,  probably  of  Llandovery  age,  are  to  be  found 
also  in  the  Cratloe  Hills  of  Limerick.  On  the  west  flank  of  Cahirconree, 
in  Kerry,  some  limestone  bonds  contain  fossils  which  have  been  deter- 
mined by  Mr.  W.  H.  Baily,  and  are  believed  to  be  of  Wenlock  age. 

At  the  extremity  of  that  promontory,  between  Ferriters  Cove  and 
Dunquin,  and  thence  to  Smerwick  Harbour,  certain  beds  occur  which 
appear  to  represent  both  the  Wenlock  and  Ludlow  groups,  since 
crowds  of  fossils,  characteristic  of  those  beds,  are  to  be  found  there.  A 
certain  line  was  drawn  by  the  late  Mr.  Du  Noyer,  beneath  which  Wenr 
lock  species  abound,  while  above  it  are  many  Ludlow  species,  including, 
in  some  places,  many  specimens  of  Pentamtnu  KnightiL  These  beds 
are,  however,  greatly  disturbed  and  confused,  and  bent  into  violent 
contortions,  if  not  inverted.  Certain  beds  of  purple,  and  green,  and 
yellow  sandstones,  etc,  lie  apparently  beneath  the  Wenlock  beds,  lad 
graduate  up  into  them,  peculiar  conglomerates  occurring  both  in  the  fossil- 
iferous beds  and  in  the  beds  below  them.  These  are  called  by  the  Geo- 
logical Survey  by  the  provisional  name  of  the  Smerwick  beds.    Over  the 

•  Mem.  GeoL  Survey,  Dec.  1.  t  5i7MnVi,  p.  225. 

t  Quart.  Joum.  Ged.  Soe.  iy.  20S ;  and  viL  64.    See  also  Oeikie  on  Silnzian  Rocki  d 
ScoUind  (Tran$.  GeoL  Soe.  GUugow,  Ul.  03> 
.    I  See  SUuria,  pp.  159-168,  and  the  aatlioriUet  there  dted. 
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gain,  there  sets  in  a  vast  thickness  of  green  and  purplish 
:ified  with  red  shales,  and  having  in  the  upper  beds 
nerates,  with  pebbles  containing  Uandorery  fossils, 
he  Dingle  beds.  They  appear  to  occupy  the  same  posi- 
beds  above  the  Ludlow  rocks  in  Shropshire  and  Hereford- 
Wales  and  in  Scotland,  but  no  fossils  have  yet  been  found 
^nd.    They  will  be  mentioned  again  in  the  next  chapter. 

Foreign  Iiooalities. 

.  Barrande  has  diyided  the  Upper  Silurian  rocks  of  Bohemia  into 
es) :  Stage  E,  Lower  Limestone ;  Stage  F,  Middle  Limestone ; 
Limcoitone ;  Stage  H,  Overlying  schists.  He  shows  from  an 
hat  these  rocks  in  Bohemia  are  closely  paralleled  by  the  Upper 
Britain,  though  he  does  not  identify  any  one  of  his  gnmpi  lAOk 
ritlsh  sabdivisions.* 

—The  Lower  Silurian  rocks  of  the  sonth  of  Norway  are  overiaid 
nrhich,  as  in  the  Lower  Llandovery  beds  of  Wales,  there  is  a 
er  and  Upper  Silurian  forms  of  life,  and  above  which  come  tme 
x'ks.  The  Wenlock  group  is  well  represented ;  the  Ludlow  rocks 
In  the  south  of  Sweden,  however,  true  Upper  Ludlow  fossils 
eresting  to  find  that  though  in  thickness  of  strata  the  Scandi- 
eries  is  a  poor  representative  of  the  enormous  depth  of  the  system 
represents  the  various  palsontological  horizons  with  wonderful 
'rem  the  '*  primordial  zone"  to  the  top  of  the  Upper  Silurian 
B  s>'8tem  in  the  Christiania  basin  does  not  reach  a  thickness  of 
^cording  to  Sir  R.  Murchison,  it  "  represents  the  whole  of  the 
British  series.  **1* 

The  rocks  of  this  region  of  the  age  of  the  Upper  Silurian 


CO. 


Lower 
elderberg 
Group 
How  rocks) 


^nondago 
Group 


gara  Group 
aton  Group 


Upper  Pentamerus  lime- 
stone 
Encrinal  limestone 
Ilelthyris  shaly  limestone 
Lower  Pentamerus  lime* 

stone 
Tentaculite  limestone 
Onondaga  salt  group,  a 
grey  ash-coloured  shale, 
with  gypsum  and  rock- 
salt 
Niagara  limestone,  com- 
pact grey  lime8tone,re4t* 
ing  on  Niagara  shale 
ainton  rocks  (2400  feet) 
e.  Vari^ated  xed  marls 
an<l  calcareous  shales 
b.  Shales  and  argillace- 
ous   limeKUme    and 
calcareous  sandstone 
a.  Greenish  and  yellow- 
ish slates  with  ferm- 
ginons  sandstone 
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Pentamerus  peewkh  ^ 

gaUalut, 
PerUamerua    Ver- 
neuUii,  etc, 
I  PefUamerusffaleatus. 
TetUaculUes  omo- 

tus,  etc 
A  try  pa,  DeUhyrUf  Penlor 

vumUf  Meritta,  Mmt- 

chisamOf  etc 

Numerous  corals  in  lim^ 
stone,  Orthit,  Spiri' 
/er,  etc. 

Pentamerut  ovalis  in  up- 
per part ;  P.  chhnffut 
in  lower  beds;  lAmgula 
(Momga,  Leplaena  de- 
presm;  Calymeiu  Blw- 
wtenbaehii,  etc 


tSUuHtn  de  la  Boktau;  tad  SUmria,  p.  S74. 
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It  does  not  appear  that  in  thit  iMb  there  la  anj  esaet  eqfidvikBtef  thiUjpir 
Ludlow  rocks,  and  there  appears  to  be  a  hieak  between  the  t(^  of  te  Lost 
HelderbeTg  group  and  the  next  formation,  or  Oriskany  Sandstme^  whk^  mAV 
in  denuded  hollows  of  that  gronp,  is  regarded  as  the  base  of  the  DefOBisa  qitA 

VOLCAKIC  ROCEB  OF  SlLUBIAir  PERIOD   IN   BbRADI. 

In  accordance  with  the  plan  proposed  on  m  pievioos  pag^*  vi 
proceed  to  add  to  the  foregoing  account  of  the  stratignphical  ui 
palflDontological  characters  of  the  Silurian  rocks  of  Biitauiy  some  viO' 
ences  to  the  evidence  which  these  rocks  furnish  as  to  contemparmW 
volcanic  activity.  Neither  in  the  Laurentian  nor  in  the  GsmbiiB 
formations  of  this  country,  have  any  traces  of  such  activity  as  jet  iM 
found.  The  Silurian  volcanoes  are  thus  the  most  ancient  of  whidi  vi 
possess  here  any  record. 

Lower  Silurian.f — The  oldest  recognlBable  volcanic  rocks  in  tUi 
country  belong  to  the  lower  Silurian  period.  They  are  best  dispUjM 
in  North  Wales,  where,  as  was  shown  long  ago  by  Sir  Bodeiidi 
Murchison,  they  rise  into  conspicuouB  ranges  of  hills.  Two  piiDcifil 
epochs  of  eruption  have  been  detected  by  Professor  Ramsay  and  li0 
collca^^es  of  the  Geological  Sur\'ey.  One  of  these  occurred  during  tl* 
deposition  of  the  Llandeilo  rocks,  and  is  indicated  by  the  igneous  rocb 
of  Aran  Mowddwy,  Cader  Idris,  Arenig  and  Moelwyn  ;  the  othei » 
marked  by  those  of  the  Snowdon  district  which  lie  among  the  Bala  b«li 
These  volcanic  rocks  consist  partly  of  massive  sheets  of  felstone,  varyinf 
in  texture  and  colour,  and  partly  of  thick  accumulations  of  tuff  or  la^ 
The  former  are  true  lava-flows,  the  latter  point  to  frequent  shower?  ^ 
volcanic  dust,  and  to  the  settling  of  such  dust  and  stones  on  the  ^ 
bottom,  where  they  mingled  with  the  ordinary  sediment,  and  with  sh^H^i 
corals,  and  other  organisms.  Some  of  these  ashy  deposits  attain  a  gi^ 
thickness.  Thus,  at  Cader  Idris,  "  they  are  about  2500  feet  thick,  tl« 
accimiulated  result  of  many  eruptions."  Northwards,  this  mass  tiim 
entirely  away,  and  the  ordinary  sedimentary  strata  take  its  pU* 
Equally  local  are  the  massive  beds  of  felstone  which  represent  the  fu^ 
marine  lava-flows  of  the  time.  Sometimes  they  still  preserve  the  slafjy 
vesicular  character  which  marked  their  surface  when  the  melted  wck 
was  in  a  state  of  motion  along  the  sea-bottom.  By  this  and  oth* 
evidence  of  a  like  tendency  we  learn  the  existence  and  position  of  ti« 
submarine  volcanoes  during  the  lower  Silurian  period  in  Walen 
Northwards,  in  the  Lake  District,  Professor  Sedg\*ick  has  found  similtf 
proofs  of  volcanic  action  among  the  lower  Silurian  rocks  of  that  regioi>» 
and  these  rocks  are  now  being  worked  out  in  detail  by  Mr.  Aveline  sd 
his  colleagues  of  the  Geological  Survey. 

*  Ante,  p.  284.  t  See  Brit.  Assoc  Rep.  1867,  Address  to  Geological  S^tino- 

t  See  HurchisoD,  SUuria^  p.  88.    Ramsay,  Doacriptiye  Catalogue  of  Rock  8pecimeDsii 
Jennyn  Btnet  Hiueara,  8d  edit  p.  8.    Mem.  Gtolcgioal  Survey,  vol.  iiL  p.  21,  d  ptunM- 


: 


r 


I 


CHAPTER   XXXIL 

SBVOI9TAB   AND   OI.I1   BDD   SAITDSTOITX  FE3I0S 

Teis  period  ia  called  Devoniiin,  because  ihe  rocka  which  w 
during  its  contintunce  occupy  a  large  put  of  Derou.  All  nxb>k 
were  formed  after  the  uppermost  of  those  which  eaa  be  prDpolf  <d 
Silurian,  and  before  the  lowest  of  any  which  can  be  projwlj  * 
Carboniferotu,  may  be  classed  as  Devonjau  rocks,  and  looked  i]  ~ 
records  of  Devonian  time.  The  older  term  "  Old  Bed  ? 
howerei',  is  retained  aa  the  designation  of  those  thick  a 
sandstone  and  conglomerate  which  in  Wales,  Scotland,  < 
intervene  between  the  Silurian  and  Carbon  if epoua  systems,  t 
unfosailiferous  or  contain  cliieflj-  the  remains  of  ganoid  fisL  TbcC* 
Devonian  rocks  of  Dktoii  and  Cumwiill  are  undoubtedly  of  "uri 
origin,  but  the  Old  Bed  Sandstone,  aa  suggested  by  Hr.  Qodvia  &»" 
and  more  recently  insisted  on  by  Professor  Samsay,  mMj  pocdlf  l* 
been  deposited  in  great  lakes  or  iuland  sheets  of  water. 

To  what  extent  the  Devonian  and  Old  Red  Sandstone  nxb 
Britain  are  contemporaneous  haa  not  been  clearly  uoettained.  T^ 
occupy  correBponding  portions  in  the  geological  series,  but  they  w ' 
found  touching  each  other,  nor  do  they  posseas  any  common  pale*' 
logical  evidence  by  means  of  which  they  may  be  aatis&ctorily  txaajw 
In  Bussia  and  America  recognised  Old  Bed  Sandstone  fishes  bant* 
found  in  atiata  contiuning  Devonian  fossils.*'  The  smooth  gtey  miit 
of  Plymouth  may  be  on  the  same  horizon  as  some  of  the  coane  ca>j 
meratea  of  Hereford  or  Wales,  that  is,  they  may  have  been  fomted  it  i 
same  time  in  different  places.  Just  as  the  pebble  beaches  of  the  BA 
coasts  and  the  coral  reefs  of  the  tropica  are,  as  contempoianeoos  d^ 
included  in  the  same  "  Recent  or  Human  Period,"  so  these  old  divini 
rocks  might  all  belong  to  the  "  Devonian  Period."  It  is,  howeTtr,  q' 
possible  that  the  slates  and  limestones  of  Devon,  and  tJie  red  moA^ 
of  South  Wales,  although  each  deposited  within  the  same  great  pen 
are  not  strictly  contemporaneous,  but  were  formed  at  different  partf  of' 
period.  Or  it  is  possible  that  the  red  sandstone  series  of  South  Wilo 
not  a  continuous  series — that  the  lower  part  of  it,  at  all  events,  ii  i^ 
than  any  of  the  Devon  series,  while  the  npper  part  may  be  newer  th 
touch  of  that  series. 
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Since  there  ore  thus  two  distinct  types  of  strata  in  Bribun,  each, 
ng  between  the  Silurian  fomuttionB  below  and  the  Caiboniferons 
:>ve,  it  will  be  of  advantage  to  describe  each  type  separately,  along 
th  what  appear  to  be  or  are  now  known  to  be  its  foreign  eqniva- 

SeTonian.* 
In  North  Devon  the  order  of  Buccession  of  the  Devonian  rocks  has 
en  ascertained  to  be  as  follows  : — 
Ufpo'  Devonian  (Barnstaple  and  Marwood   Beds). — ConaUrting  of 

dates,  schiBts,  and  calcareous  bands,  containing  fossils  also  found 

in  the  Carboniferous  system  above. 
MiddU  i)(r«mti!m(Ilfcticombe  Beds). — Grey  schists  and  Slrinffocq>haliu 

limestone. 
Laaer  DemmiaTt  (LyntoD  Beds). — Bed  sandstones  and  conglomerates 

resting  on  Bchieta  and  slates,  base  not  st 


Tha  Ilia  uitbor  at  tUi  Muiu]  sotcrialiwil  th*  belief  tbst  the  K-allAd  DaTODiui  roeki 
IM  «iai*mlaDUaftlu  lower  CubonUerauiroclK  of  Ireland,— a  Tlew  whlctili  not  senenllT 
fUA  b]r  gnloflaU,  Imt  of  Thlch  tha  itadant  will  Bad  >  rullei  natimt  la  ^^  kg^AbUi. 


J^l 


STBATlOBA^ttCAL  QBOLOGT. 
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Pioftsior  Sedgwick  amagea  the  locks  of  Soutli  Devtm  into  Ik 

Ibllowing  gnrape : — 

3.  DarttaotiA  Slate  Orovp. — Coane  roofmg  tlatee  utd  qTuitiite^  oAf 

tipwstda  with  bedi  of  red,  green,  and  ruU^ted  wadrta—i 

/  e,  Come  red  BuidEtoiie  and  B»gHaut. 

2,  PlipnoulA  Oroup.      }  b,  Calcareoua  risl«s. 

(  a.  Great  Devon  limeetone. 
1.  LitkeaM  or  Athburtua  Oroup. 

The  whole  of  the  rocks  of  Deron  and  Cornwall  ate  gt^atlj  J» 
tnrb«d  and  contorted,  often  even  inverted,  so  tbat  in  tl>e  coimti7tM 
the  Dodman,  sonth-west  of  St.  Aiutell  Bay,  eome  of  the  npper  nd 
dip  apparentlj  beneath  otheia  which  are,  by  their  fosdls,  of  SSsI 
age.  For  this  nfi«on  the  district  is  one  which  is  not  well  c^cnlftdl 
form  a  typical  diatrict,  and  any  concltudont  dtswn  ftum  it  Kqinn  Wf 
rtrict  testdng  and  veri&caticiti  in  other  localities  where  the  rocks  la)i 
been  left  more  undiatnrbedly  in  their  original  order  of  auperpceiutt 

Characteriitie  Fotiili  from  Deanahirt  and  CormBolL* 


Planli     .     .     .     EnorrlH  dichototni 

Adiiuitit«fi  Hibemictu 

CaUnttniia  .     .    Cfatboptifllum  ctespitosam 
pRvoaiUa  cervicmuB 
PeCraii  C«ltlea     . 
Plfurodicl^nilD  problei 

Amdida  ,     ,     ,     TaDtaculit««  annolata 

Crutiaaa .    .     .    Brouteus  flabelllfer 

Cfpridioa  HiTBto-etris 
Homglonotna  Haraclie 
Phmcopg  gnmnUtni 
laciuiatus 

Bfachiojmia  .     ,     AttypB  das<inaiqaU 

relicniirii 

CbeoetM  Hardrenaia 
Ueristdli  plcbela 
OrthiB  gruinloBs  . 
nvditcCoB  pnElongui 
Spirifer  Itevicostua 
lineatus  . 

8tTiii^:iM»pl>aliit  Bnrtini 
LamtllV/rancAiala  Avicnia  DBiDDODienMi 
— —  sQbradiata 
Cni^iillelii  aniygdntina 

HnrdriDgii 

OatUrtipoila .     .      EuompbalUB  aonnlHtaa 
UurchiKonia  aD^nta 


It.  Etltaridge,  tf 


DEVONIAN  PERIOD. 


565 


CharaeUrutie  FostiUfrom  DewmthWe  and  Comtoatl — continued. 


%steropoda .     .     Pleurotomaria  aspera 
'ucUobranchitUa    Bellerophon  bisulcatus  • 

subglobatus 

qthcUopoda  .     .    Clymenia  lievigata 


Btriata  . 
nndulata 


Goniatites  subsnlcatus  . 


Lower. 


Middle. 


* 
« 
* 


Upper. 


* 
* 


Volcanic  Rocks  op  Devonian  Age  in  Britain. 

During  the  accumulation  of  the  Devonian  rocks  of  the  south-west  of 
ngland,  volcanic  action  appears  to  have  been  well  displayed  in  that 
igion.  Sir  Henry  De  la  Beche  pointed  out  frequent  proofs  of  this 
ition  in  the  strata  extending  from  the  slates  and  limestones  of  the 
iddle  Devonian  series  upwards  into  the  lower  part  of  the  carboniferous 
rstem.  He  found  both  amygdaloidal  lava-form  rocks  and  trap-tuflBs — 
le  latter  passing  insensibly  into  the  ordinary  sedimentary  strata.  In 
ime  places  the  tuff  contains  fossils,  and  becomes  so  calcareous  and  so 
iterlaced  with  bands  of  limestone  as  to  have  been  quarried  for  lime, 
he  ^'  greenstones'*  are  abundantly  cellular  and  slag-like  in  character.* 


Foreign  IiOoalitieB. 
The  following  order  of  succession  has  been  ascertained  in  Rhenish  Prussia  : — 

Upper  Devonian  (Clymenia  and  Goniatite  Limestone  ;  Cypridenen^Schiefer  ; 
Kramenzel-Stein  ;  Flinz  with  Spirifer-Vemeulii-Schiefer),  consisting  of 
schists  with  limestone  and  characterised  by  CypridincB,  and  by  OoniatiUs 
and  Clymenice, 

Middle  Devonian  (Eifel  Limestone  ;  Younger  Rhenish  Greywacke ;  Lenne- 
Schiefer)  composed  of  schists  and  sandstones  with  lenticular  masses  of 
limestone.  In  the  limestone  an  abundant  suite  of  fossils  occurs,  among 
the  more  characteristic  of  which  are  Stringocepfudua  BurtinU,  UneUes 
gryphuSj  Davidsonia  Vemculii,  Spirifer  undifertis,  Megaiodon  cucullatutf 
CyathophylUtin  ccBspitosum,  FavosiUs  polymorphtu,  Heliolites  poroaua, 
Pfutcops  latifronSf  Cryphceus  punctatus.  Several  icthyolites  including 
Coccosteus  have  likewise  been  found. 

Lower  Devonian  (Older  Rhenish  Greywacke  ;  Spiriferen-Sandstein,  Wissenbach 
Slates,  Syst^me  Rhenan)  Slaty  schists  with  sandstones,  quartz-rocks,  and 
occasional  impure  limestone.  Characterised  by  Spirifer  hystericus,  Sp, 
speciosiis,  Terebratula  Arckiaci,  Pterinece,  Orthides,  etc,,  Phacops  Uxciniatus, 
Ph,  lati/rons  ;  Homalonotus  Ahrendi,  H,  armatus,  etcf 

North  America, — In  many  parts  of  North  America  the  Palaeozoic  rocks  lie  so 
tularly  and  undisturbedly,  that  they  may  probably  be  eventually  taken  as  the 
^  type  of  that  part  of  the  series  which  lies  between  the  Silurian  and  Carbon- 
^UB  formations.    The  following  groups  have  hitherto  been  described  as  lying 

^  De  la  Beche,  Report  on  Dtvon  and  ComwaXt,  pp.  61,  70 ;  also  Brit.  Assoc  Bep.  1867. 

ctreM  to  GeoL  Sect 

f  See  Morchlson,  Situriat  chap,  xvi.,  and  authorities  there  cited. 
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abore  thoie  pra^onily  meiitioiied  «t  p.  648»  and  below  otiuny  viiidi  bda 
doabtedly  to  the  CarbonifeioiiB  period. 

fi 
12.  CetBldU  groap  or  Old  Bad  Sandetoiie— ted 

shales  and  grej  and  red  aendatonea  .  9000 1 

11.  Chemnng  gronp---gie]r,  bliie^  and  oIhre->CDlonnsd 

shales,  and  grey  ai^  brawn  aaadstonaa       .  1500  i 
10.  Portage  gronp-^ne-grained  bine  flag-atooes, 
with  blue  shale  paxtlngs    .... 
'  0.  Genesee  slate — ^brownish-black  and  bloiBli-grey 

slate 

8.  Tolly  limestone,  according  to  Bigs^y 
7.  Hamilton  or  Moscow  Sthale — grey  sfaale  with 
dark  brown  sandstone       .... 
6.  Marcellus  shale — ^black,  with  thin  aigiUaoeoaa 

limestone 

5.  Goraiferons  limestone — ^light-grey  or    atraw- 
colonred,  with  chert  nodnles 
The  Onondaga  limestone  oomea  in  hero  in 

New  ToriE,  according  to  Bigsby,  from 
Schohairie  grit     ....         .        . 

Candagalli    grit,    ai^gillaceo-calcareoua    thin- 
bedded  sandstone     ..... 

Oriskany  sandstone       ..... 


KmDLB 


6   . 


Lower 


4. 

8. 
2. 


1. 


SO 
1( 


160 
80 

II 


50 
70 


It  appears  that  the  upper  dirision  contains  fish  of  the  genns  Holopt 
plants  of  the  genera  SigiUaria  and  Lepidadendron^  and  other  fossils, 
middle  group  contains  Trilobites  of  the  genera  Phaeopt^  Proetua,  and  Homai 
together  with  DcUmanites  (a  division  of  Phacops),  Atrypa  rtticularigf  sn< 
fossils,  together  with,  as  stated,  Old  Red  Sandstone  fish,  and  shells  of  the 
Goniatites  and  ProductOy  as  well  as  HalygUes  eeUenulariSf  and  other  Silorisn 
such  as  TetitacuUies,  The  Oriskany  sandstone  contains  OrUUs  unffu\f&n 
other  fossils,  and  Spirifera  maeroptera  and  Pleurodicti/um  problematicum. 
Red  Sandstone  fish,  of  the  genera  Asterolepis,  etc.,  occur  vrith  the  marine  s 

Sir  W.  Logan  assigns  a  thickness  of  7000  feet  to  the  Devonian  n 
Canada,  but  they  thin  away  to  nothing  to  the  southwards,  as  on  the  Mis 
the  Carboniferous  rocks  lie  directly  on  the  Silurian.  From  the  Devonian  s 
New  Brunswick  and  Nova  Scotia,  Dr.  Dawson  has  in  recent  years  disi 
and  described  upwards  of  eighty  species  of  land-planta,  belonging  for  th 
part  to  genera  which  are  found  in  the  succeeding  or  Carboniferous  systenui 

Old  Bed  Sandstone. 

In  Wales,  in  the  border  country  between  Wales  and  England, 
by  Sir  Roderick  Murchison  Siloria,  in  Scotland  and  in  Lreland, 
lies  between  the  Silurian  rocks  and  those  of  Carboniferous  age  a 
thickness  of  strata,  differing  very  markedly  from  the  Devonian 
of  Devon  and  Cornwall.  To  these  the  name  of  the  Old  Red  Sand 
was  in  the  early  history  of  the  science  applied,  to  indicate  thftt 
consisted  chiefly  of  sandstone,  that  they  were  red  in  colour,  and 

*  See  also  Dr.  Bigsby's  paper  on  the  Potoosofc  Rocks  of  N.  America,  Quarl  /owi 
Soc  voL  xiv. 

4  See  his  papers  in  (iuart,  Joum.  Geol  Soc,  zviiL  and  six. 
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ying  below  the  Coal-measures,  they  were  '  Old '  as  contrasted  with 
titer  red  sandstones,  which,  lying  above  the  Coal-measures,  were '  New.' 
L8  a  descriptive  term  for  the  rocks  as  developed  in  Britain,  a  better 
abstitute  could  not  be  found  ;  for  though  clays,  limestones,  con- 
lomerates,  and  other  rocks  occur  in  the  formation,  and  though 
arions  shades  of  purple,  green,  yellow,  and  even  white  occur,  the 
ict  remains  that,  as  a  whole,  the  strata  really  do  consist  mainly  of 
ed  sandstones. 

On  the  Red  Coloriaation  of  certain  Formatums, — Some  remarks  may 
e  offered  here  in  regard  to  some  recent  speculations  as  to  the  probable 
Ause  of  the  prevailing  red  colour  of  some  formations.  The  C^unbrian 
ocks,  as  we  have  seen,  are  often  markedly  red.  The  Old  Red  Sand- 
tone,  the  Permian,  and  the  Trias,  to  be  yet  described,  are  likewise 
istinguished  by  their  red  hues.  In  a  paper  recently  read  before  the 
Geological  Society  of  London,  Professor  Ramsay  has  called  attention  to 
he  red  colour  of  the  Cambrian,  Old  Red  Sandstone,  Permian,  and  other 
urinations,  as  furnishing  evidence  of  the  existence  of  ancient  inland 
eas  or  lakes.  He  shows  that  the  red  strata  are  to  a  large  extent. un- 
368iliferous,  and  that  where  they  lie  upon  and  pass  down  conformably 
ato  fossUiferous  beds,  as  the  Old  Red  Sandstone  of  Wales  and  of  Scotland 
x>es  into  the  Upper  Silurian,  the  fossils  of  the  underlying  formation 
tecome  fewer  in  nimibers  and  dwarfed  in  form  as  they  are  traced  up 
ato  the  red  beds,  until  they  finally  disappear.  This  happens  so  fre- 
[nently  that  the  conclusion  can  hardly  be  avoided  that  the  conditions 
inder  which  the  red  beds  were  deposited  were  not  favourable  to  life. 
Professor  Ramsay  connects  the  occurrence  together  of  red  colouring 
oatter  (peroxide  of  iron),  gypsum,  magnesian  limestone,  and  beds  or 
)6eadomorphs  of  rock-salt,  remains  of  plants,  amphibian  foot-prints, 
md  rain-pittings,  as  parts  of  a  whole  series  of  phenomena  which  are 
lot  reconcilable  with  deposition  in  open  sea,  but  in  inland  seas  where 
lie  waters  were  capable  of  evaporation  and  concentration,  and  where, 
^nsequently,  ordinary  testaceous  life  could  not  flourish-  He  believes 
;liat  in  the  case  of  the  Old  Red  Sandstone  of  Britain  (as  distinguished 
'xom  the  Devonian  series)  we  have  before  us  proofs  of  a  gradual  shal- 
^wing  of  the  Silurian  sea,  and  of  such  additional  geographical  changes 
M  sufQced  to  convert  the  bed  of  that  sea  in  our  area,  first  into  brackish 
Mrater  and  afterwards  into  one  great  fresh-water  lake  or  series  of  lakes, 
im  which  a  few  of  the  old  marine  forms  might  partially  survive,  or  into 
irhich  their  successors  might  find  occasional  access.  In  directing 
attention  to  the  significance  of  the  vast  intercalated  groups  of  red 
fetrata  in  the  list  of  geological  formations,  he  remarks  that  if  his 
ileductions  as  to  the  origin  of  these  strata  are  correct,  the  geological 
t^ecord  is  by  no  means  so  barren  of  traces  of  ancient  terrestrial  con- 
lotions  as  it  is  commonly  believed  to  be.     In  palaeozoic,  and  partly  in 
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till    -  thr  FHHiw,  -Um.  Md  fM  «f  a*  IlMk  Mii%ll 

nuL^iLlj  I  I  I  ilLl.   "iMfculbwIj'rfigewifaia       

K  tae  ttiHie  Bml,  to  b*  ■fteiwMili  ■ntifrf,  wmU  IIm  tl| 
p^^       -      -       BcMe,  vUb  Ik  k*  ■«« 


vkkb  tber  were  oi^iiiidhr  fcii^iii  i1.  he  findi  i 
MpM«Bl  for  tlus  tejtutik^  Do  Tata]  icKcn  ^  the  dwi]ge,i*dA 
Sir  MrtJBaw  to  tdicTe  UmI  ibe  nftile-lMariBg  bed*  of  T' 
«tac  thcT  wcae  maSJH  neaOlr  bdiered  w  be — lembtw  •<  tk  ttJ  ■• 

SootuJnx.— Ife  CSd  Bed  Sud«tMK  k  brtte  dndapeJaSi 
Ind  tk^  IB  tbe  aWr  fc*f*™>     J%  wtr  ht  n^wded  m  hcbbb 
tkaem  tvo  tTpa,«B«  fooid  to  ibe  nntk,  ifar  o(lmIalk«^4 
tk  Qamfk»  nagc    Tie  — "'V"  type  m  maiked  by  iIk  d 
•f  ito  ■■  ■  ■  I  ■  1 1  .1   iiJiMJi   ndca,  aal  b j  a 
«gnk  RMMiM,  Aoi(A  IfaeM  do  eem 

InraBtifft    TW  naftkcsa  type  ii  ikHagiaihtd  bj  Ae  aibsoice  of  ini^  | 
alital  %Da«ai  ih^  aad  bj  »  eenpantn*  ■*—■"'"*■  t 

JiMtkrw  «^>^1W  OU  Red  SmUoM  «r  the  mnthen  kilf  il  | 
BBoUamA  n  JTiriM*  nto  tfaw  pixq"  >*  naieA. 
CJpir. — JUA  ind  jeHow  ESEhl^4)es  »rf  cmtjlaniCTali^  of  Barirbiii^ 

Mtatic — Keooisii,  gre^u  uxi  grej  Euia<4oaes,  nag^ume^  ma  n>ir 
)^oiiier>t«s,  vith  abnnduil  amtanpoisneoos  vokank  nxb  > 
eem  in  tbe  soatli-wtst  <J"  AjTshire,  where,  in  tbe  npp«  P*'' 
of  Uie  ■«»»,  PCfrrdUkyi  wujcr  hte  b««u  fooDd. 

I^mtr. — fi^  cfaocoUt^-coloiirtd,  and  grej  sand^onea  and  dkales,  son)'' 
tinm  witli  enormoas  iiitatalat«d  mryf  of  cmtemponiiMW 
ndcank  rocks  ;  tbe  Sidlaw  ai^  Ocfail  Hiils,  PentUml  Hilli, 

[^•^  Mrfnnil  «i  tn  nil  I.I  ih  rillln  liii  Ifci  imummi.  !■  ■■IiiIjtIm    ~ 
^"^  f>w«»tlt  la  m«t)«»f-rftt«  «■■>■»*■ —I  VaiO» 


OLD  BED  SAHDSTONB  PKBIOD. 


569 


and  the  tract  of  Hilly  conntry  Htretching  thence  by  the  head 
of  Nithedale  into  AjTehire — C^altupit  Lyelli,  Pterygetut 
^  AiiyUcu*;  namerons  icthyolitea  in  Forfonhire. 

'Of  these  gronpe,  the  lower,  as  developed  in  EdinbD^hsbiro  and 
■•ibhire,  paieea  down  conformably  into  the  Upper  Silurian,  The 
^R  group  sbadee,  in  like  manner,  conformably  into  the  overlying 
■bcoiftrouB  eystem.  But  the  middle  serieB  ia  Bcpaiated  from  both 
■he  othen  by  &n  nnconformability.* 

~  iFarUum  tgpe. — Three  diviaions  have  been  aacettiuned  to  be  trace- 
"'•  in  the  Old  Red  Bandatone  of  the  north  of  Scotland  by  Sir  Roderick 
,  by  whom  the  relations  of  these  rocka  were  first  fully 


FouU  Fl>b  or  Old  Red  Sand 
a.  Ceplulaipli  LrelUL  6.  CocwuUM  d«lviecu.  t  PWrieliUij'"  l«tni. 

■wibed-t     So  far  as  yet  known,  they  all  paw  conformably  int« 
idi  other,  no  evidence  having  be«n  observed  of  either  of  the  itroiig 


f  Sm  Ml  SUBrio,  chip 


I.  GeoI.  Sot,  ToL  urt.  p.  «»,  *Bd  SUnri 
L  «Dd  <iiuiTl.  Jtmni.  llBi.  Hat.,  loL  it, 
t6tiswick,TTtnu.  OmL  8<K.,1Att.,- 
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vnconformabilittcs  to   well  marked  in  the   souUiQa    put 

kingdom. 

Upper. — Light  red  and  yellow  sandstooea  of  Boimet  Head,  i 
Orkney  and  Sbellond  Islands,  with  plants  of  the 
Calamita. 

JfiddU. — Qrey  and  diirk  fla^tone»,  occasionaU;  calcoRoua  an 
minoUB,  covering  a  laige  area  in  Coitbneaa,  and  ei 
into  the  Orkuey  Islands.  They  contain  an  int 
agsemblage  of  foaail  fiahea  of  the  genera  Pteriehtkyt,  Co 
Cli'i'racinil'iio.  Dlphicanthut,  Chrirol<pit,  Di'pUna,  ft 
Th,.!-  ,■  .■.■■■■.  /■''('■■.jH.t//im,elc.;  also  aViundaiit  crustace 
i|  .  ■  nif.  and   liind-plaiitB  —  conifers, 

Lowtr. — Bed  Baudatones  and  conglomeratee  lying  unconformab' 
the  metaniorphie  locki  of  the  TTigVii«iiH^,  Ptera^iil 
foimd  in  th«ae  bedi  nMC  If  hater,  in  CUthncM. 

SHBOFSHntE,  HBBBFOKDfiHiRB,  etc. — In  the  wction,  Rg.  1 
in  the  deecriptionB  of  the  Upper  Ludlow  rocks  of  Shn^«h 
Herefordahire,  we  found  them  passing  up  into  a  series  of  red  fli 
and  saudstones.  In  Shropshire,  this  series  of  red  sandstone 
bands  of  inipuK  arenaceoua  limestone  (comstone)  and  occasior 
of  red  conglomerate,  and  red  and  green  clays  or  maris,  lies  w 
and  conformably  upon  the  Upper  Ludlow  rocks,  and  dips  at  t 
angle  to  the  south-east,  so  as  to  show  a  thickness  of  3700  fee 
it  is  covered  by  the  Carboniferous  rocks  of  the  Clee  H'IM.  It 
from  this  district  to  the  south-weat,  through  Hereford  into  Mo 
and  Brecknock,  where  it  acquires  an  enormous  thickness — . 
10,000  feet.  It  forms  monntains  nearly  3000  feet  high  (one 
Brecon  Vans  is  2860  feet),  in  which  the  beds  lie  at  a  very 
angle,  and  show  but  a  small  part  of  the  formation.  In  this 
comstonea  seem  to  abound  more  near  the  centre  and  lower  part 
formation,  while  beds  of  conglomerate  occur  in  its  upper  pad 
ceeding  into  Caermarthenshire,  its  lower  beds  are  tilted  np 
vertical  position,  along  with  the  Upper  Silurians,  and  in  the  i 
south  of  Llandeilo  Fawr  they  lie  as  in  the  following  section  (Fi) 
The  lower  beds  are  only  to  be  separated  here  from  the  Upper  £ 
by  the  most  arbitrary -line  of  division,  founded  on  the  gradi 
appearance  of  all  fossils  as  the  rocks  get  more  and  more  red 
uppermost  red  rocks,  on  the  other  hand,  dip  conformably  benei 
escarpment  of  the  Carboniferous  limestone,  and  some  of  the 
sandstones  and  shales,  which  appear  among  the  uppermost  red 
contain  fiagments  of  plants. 

Between  this  nppei  and  lower  put  there  ia  unfortunatt 
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jigLtadinal  valley  of  Cwm  Cennen,  in  which  no  rock  is  to  be  seen  ; 
.-t  on  proceeding  eastwards  to  the  head  of  that  valley,  and  crossing 
of  the  Sawdde  to  the  head  waters  of  the  Usk  or  Wysg,  the  inter- 
rocks  are  met  with,  and  appear  to  connect  the  top  and  bottom 


«OUTH 


NORTH 


OWM   CZHHZH 


Fig.  154. 
Ion  acroflB  Cwm  Cennen,  three  or  four  miles  8.  W.  of  Llandeilo  Fawr,  reduced  ftom 
i;  sheet  8,  of  the  horiiontal  sections  of  the  Geological  Survey. 

Length  of  section,  about  three  miles. 

^■xmiferooi.  ^  ^  Carboniferous  limestone 

t  g.  Lower  limestone  shale 

Red  and  yellow  sandstones 

A  space  of  nearly  a  mile  in  width,  in  which  no  rock  is  seen. 

Red  sandstones  and  red  cellular  clay  rock,  and  comstones  1200 

Laminated  red  and  grey  beds 200 

Laminated  grey  beds  (Tilestone) 460 

White  and  grey  sandstone  (fossiliferous) 850 

CL  Laminated  sandstones  and  shales  (fossiliferous)    ....       500 


Old 
Bed 


Upper 


{ 


/. 

d. 
c 


Feet 
600 
100 
800 


"the  formation,  both  lithologically  and  by  their  "  lie,"  since  their 
of  dip  gradually  increases  towards  the  Silurian  country,  and 
as  gradually  towards  the  Carboniferous.  In  South  Wales, 
there  is  no  apparent  break  in  the  continuity  of  the  Old  Red 
Kftdfltone,  though  it  is  difficult  to  explain  its  *^  position  and  lie"  with 
Kpect  to  the  Carboniferous  rocks  of  Pontypool,  and  the  Upper 
L'Orians  N.W.  of  Usk,  without  supposing  an  unconformability  or 
ion  there  of  some  kind  between  the  upper  and  lower  part  of  the 


Fossils  are  extremely  rare  in  the  Welsh  and  English  Old  Red 
'^^dstone.  Remains  of  fish  of  the  genera  Cephalaspis  and  Ptera»pis 
^^sionally  occur  in  the  comstones  as  well  as  in  the  tilestone  and 
^Hilow  series    below  ;    also   the    large    crustaceans   Eurypttnu   and 

Ireland. — It  has  been  already  stated  that  the  representatives  of 
^  Wenlock  and  Ludlow  groups  can  be  ideDtifie<l  by  means  of  their 
•••ils  at  the  extremity  of  the  Dingle  Promontory  in  County  Kerry. 
^^W  the  rocks  are  there  so  violently  disturbed  that  it  is  almont 
^possible  to  make  out  the  details  of  their  structure  satinfactorily  ;  but 
'^  main  facts,  as  exhibited  in  the  following  diagram,  are  clear  enough. 
^Us  diagram  is  based  on  the  data  t^i  be  seen  in  two  or  three  trans- 
^^«e  sections  across  the  peninsula  and  in  the  ma\M  ol  \.\ii^  HiV\<& 
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diatrict,  BO  tbnt  it  represeuta  the  trath,  ftlthotigli  then  b  no 
of  coimtiy  in  which  all  the  f&cta  given   in  it  are  k>  be 

The  Croghmarhin  beds,  containing  Ptntamfitit  Sniffhtii  i 
Liidluw  fotviili',  dip  south  at  a  high  engk,  undi;r  a  great  so- 
and  gnvn  grils  and  red  and  purple  slates,  with  Imnds  of  pt 
gloinerut^,  »ome  pebblvs  in  which  coDtain  Llandovery  fos^ 
grudt  suricB  we  call  tlie  "  Diugle  beds."     Some  facts  conne 


of  On,  Dlngls  beda  lu  tb*  rwk 


L  Dlngja  twda,  luditoDM,  lUtei,  nd  cnvlonwmtia,  TOOO  to  lO.MM  ItoL 


e.  CroghmarhlD  b«di,  with  Lndlow  fouUs. 

b.  Feirlten  Cava  beds,  wltfa  Wadock  foialU. 

A.  SDMrwick  bed*,  nd  ud  gnea  ud  Tclloit  auidftODM  ud  eongUniMnto 

the  general  stmctnie  of  the  diatrict  led  the  aathoi  to  aospect  i 
are  not  qnit«  conformable  to  the  rocks  contfuning  Upper  Siloria 
below  them,  but  creep  acroBS  them  so  as  ultimately  to  itH 
Smerwick  beds  a.  This,  however,  is  a  doubtful  poin^  while  tl 
be  no  doubt  of  their  being  above  the  Cit^hmarhin  beds.  "nM 
beds  are  clearly  seen  in  the  cli&  of  the  coast  for  several  miles, 
invariably  south  at  an  angle  of  60°  or  thereabouts,  and  i 
through  a  succession  of  headlands  along  the  coast  in  which  Ven 
Dingle  Harbours  lie.  Mount  Eagle  and  Brandon  Mountain,  Hi 
of  which  is  over  3000  feet  in  height,  are  entirely  composed  a 
Theu  thickness  cannot  be  less  than  7000  or  8000  feet,  and 
not  their  whole  thioknesa,  since  their  topmost  beds  are  nowhei 
seen.  The  uppermost  beds  which  are  seen  strike  along  the  cli8 
north  side  of  Dingle  Bay  for  several  miles,  and  plunge  to  tli 
into  the  water  ;  and  when,  as  the  peninsula  expeikLs,  they  ttr 
the  land,  they  are  very  ahorUy  covered  by  another  set  of  R 
stones  and  conglomerates  which  rest  nnconfoimably  on  the  edgi 
Dingle  beds.  These  overlying  unconformable  beds,  which 
doubted  Old  Bed  Sandstone,  appear  at  first  as  isolated  patches 
hill-tope,  or  as  borders  to  the  peninsula,  as  their  beds  rise  f 
■ea  ;  but  u  wa  |aacaed  towards  the  east  or  inland,  they  spceai 
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krtlier  towards  the  centre  of  the  peninsnla,  and  soon  arch  over 
jpe  of  the  hille  in  oontinaons  sheetSy  horizontal  in  the  centre,  bnt 
Dg  on  either  hand  towards  the  sea,  at  higher  and  higher  angles  as 
near  the  coasts.  The  Dingle  and  Silurian  beds  may  be  still  seen 
ith  them  for  a  short  distance  in  the  glens  and  valleys  which  have 
-worn  down  through  the  unconformable  covering,  as  on  the  slope 
aherconreagh  and  in  the  Derrymore  Qlen  ;  but  as  the  hills 
tally  decline  towards  the  east,  and  the  Old  Red  Sandstone  sinks 

a  little  faster  in  that  direction,  the  lower  rocks  become  shortly 

concealed  by  it,  and  it  itself  dips  conformably,  and  at  a  gentle 
y  beneath  the  Carboniferous  limestone  both  to  the  north  and 
,  and  round  the  eastern  termination  of  the  range,  which  is  there 
L  SUeve  Mish.  * 

^e  have  here,  then,  as  in  Scotland,  two  sets  of  red  rocks,  which 
t  be  each  called  the  Old  Red  Sandstone,  since  they  both  lie  between 
Tpper  Silurian  and  the  Carbonifereus  formations,  but  yet  are  clearly 
ated  from  each  other  by  their  decided  unconformability,  the  one 
ring  to  and  forming,  as  it  were,  the  upper  portion  of  the  Silurian 
>,  the  other  quite  separated  from  that,  and  passing  up  into  the 
of  the  Carboniferous  rocks. 

n  the  south  of  Ireland,  in  the  counties  of  Kilkenny,  Waterford, 
3ork,  we  get,  resting  unconformably  on  the  Lower  Silurian  rocks, 
ies  of  red  sandstones  and  slates,  very  similar  to  the  upper  part  of 
Bd  series  of  South  Wales,  and,  like  it,  conforming  to,  and  graduat- 
ip  into,  the  carboniferous  rocks  above.  In  Ireland,  indeed,  it  is 
fr  and  more  affected  by  slaty  cleavage,  so  that  the  clays  of  Wales 
tlie  form  of  clay-slates  in  Ireland.  Both  round  the  South  Welsh 
leld  and  in  South  Ireland,  the  uppermost  part  of  the  group  con- 
«  number  of  beds  of  yellow  and  greenish  sandstone  and  shale  ; 
^^ow  sandstones  being  also  so  well  developed  in  the  north  of 
^d  as  to  lead  Sir  R  Griffith  to  give  the  name  of  the  "^  Yellow 
ttone ''  to  the  upper  part  of  the  series.  Near  Goresbridge,  in 
i^xmy,  the  group  commences  as  a  very  thin  band,  but  swells  out 
"^  the  south-west  in  Waterford  and  Cork  to  a  thickness  of  several 
and  feet.  At  Kiltorcan  Hill,  near  the  vUlage  of  Ballyhale,  in 
^rish  of  Enocktopher,  County  Kilkenny,  are  quarries  in  the  upper 
^  or  greenish  sandstones,  from  which  remarkably  fine  fronds  of  a 

nearly  two  feet  across,  have  been  procured — -called  CycloptertM 
*nica  by  Professor  E.  Forbes,  but  since  included  by  Professor 
*iper  in  his  genus  Palceopterit ;  two  other  ferns,  referred  to  Spkenop- 

bave  been  described  by  Mr.  W.  H.  Baily ;  together  with  plants  of 
xus  called  (hfchttignuij  by  Professor  Haugfaton,  as  well  as  another 
distinct  form,  the  stems  of  which,  having  a  fluted  surOace,  have 

•  Bee  anU,  p.  281. 
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bem  traced  downwaidj  to  its  roots  [Stigmam-tike)  a 
terminal   tinuiclies,  with   fruit   reaembling  LepidodtodRia- 
epeciea  has  been  nBnieii  bj-  Professor  Sc^iimper  Safcnaria  B 
There  otxvii  aUo  fish-sc^es  bcloDging  to  the  genera  OtjfftabfuM 
CMtrui,  aiid  conical  teeth,  asijigiied  to  Dtndndia  aad  /*   *     ' 


Mr.  Bailj,  together  with  alaige  fresh-water  bivalve  shell  called  Jnii^ 
Jutesii  by  £  Forbes,  and  fragmenta  of  EttrypUrut,  Pterygotm,  ami ' 
phyllopod  crustacean  named  by  Mr.  Baily  ProricarU.*  The  Fos) 
Group  No.  13  gives  three  of  these  species. 

The  Old  Bed  Sandstone  of  this  paH  of  Kilkenny  is  aboat  fOO  ii» 
thick,  and  passes  quite  conformably  beneath  the  dark  shales  and  fi*? 
limestones  of  the  Carboniferous  series.  The  ferns  andthe^noii'"-''" 
been  found  also  near  Clonmel  and  near  Cork  ;  and  fiagmeDte  ti  '^ 
plante  always  occur  in   the  npper   part   of  the  Old   Bed  SandfUo' 
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^onghoat  the   Bouth  of  Ireland.     At  Tollgw  Bridge,  in  Walttrfonl, 
^T  luge  HtemH  are  exposed.* 

Vba  occanence  of  these  fosrals  in  beds  jnst  a  little  belov  the  base 

nndonbted  Caiboniferons  Umedone,  aids  as  in  fixing  the  place 

Qoneapanding  beds  in  Scotland,  in  which  tinulat  fish  and  plants 

The  occiurenw   of  the  large   fresh-water  shell,  so  like  the 

of  OUT  own  lakes,  raises  a  strong  presumption  in  favour  of 

■water  character  of  the  fish,  and  thus  lends  snpport  to  Mr. 

n's  idea  th&t  the  Old  Bed  Sandstone  is  a  &esh-waler 


k.  ToLOAXio  Socks  of  Old  Red  Sakdstonb  Pbriod  in  Butaik. 

BcfcrracG  has  already  been  made  to  the  abundant  intercalation  of 
*^*  mil  rocks  is  the  Old  Bed  Sandstone  of  the  southern  half  of  Soot- 
^^^^3.  They  occai  in  each  of  the  three  subdiTisions  of  the  system,  but 
"^^■il  abundantly  in  the  lower.  In  the  chains  of  the  Sidlaw,  Ochil, 
^*-*^  Pentlmid  Hills,  and  the  ground  stretching  south-westwards  into 
^'^^^hire,  tbp  lower  Old  Bed  Sandstone  consists  to  a  lai^  extent  of 
^  ^^^rliedded  porphyiites  and  tuffs,  with  ashy  sandstones  and  trappcan 
~*'^^^Iumerat<:s.  The  middle  Old  Bed  Sandstone  of  Ayrshire  likewise 
^^^toins  some  thick  sheets  of  interbedded  porphyrite.  At  the  top  of 
*  Upper  division  of  Berwickshire  some  trap-tutf  occurs. 
In  Ireland,  among  the  wilds  of  Kerry,  numerous  bands  of  trnp-tuff 
3  of  them  SOO  to  600  feet  in  thickness — are  interstratificd  with 
7  Etrata.  t 
Ko  yo\(B.nii:  locks  appear  to  have  been  yet  detected  in  association 
~t  U>e  Old  K(!d  Sandstone  of  England  or  of  Wales. 
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CABBONmntOUB  FXBIOD. 

The  peculiar  kind  of  rock  whicli  we  call  coal  is  not  Btrictlj  coofinB^ 
to  any  part  of  the  series  of  stratified  rocks,  but  occurs  here  and  thai 
in  different  parts  of  it,  from  the  lowest  to  the  highest  Bedi  of  H 
coal,  however,  are  much  more  abundant  in  one  particular  part  of  ^ 
series  than  in  any  other  part  This  is  especially  the  case  in  Eoii^ 
and  America.  Tlie  group  of  rocks,  therefore  (or  system  of  fonnatMl 
in  which  these  beds  of  coal  occur,  is  called  the  OEurboniferoiu  syM 
and  the  period  of  time  during  which  that  system  was  being  depoflv 
may  hence  be  called  the  Carboniferous  period. 

England. 

The  Carboniferous  system  as  developed  in  the  British  Islands  ^ 
sents  several  distinct  types  of  formations,  which  will  be  best  undesto* 
from  a  description  of  the  different  districts  in  which  they  oocui. 

South  "Wales. — The  section  given  in  Fig.  164,  and  the  onewkio 
follows  (Fig.  156)  will  explain  the  structure  of  the  great  South  WdA 
coal-field,  and  the  neighbouring  ones  of  the  Forest  of  Dean  and  Bd^ 

saoTK 

MYNIfTDO 

OAiWOOCM 


Fig.  156. 

Diagrammatic  section  acroBs  the  northern  edge  of  the  coal-field  of  &  Walei. 

This  is  deduced  (omitting  the  flexures  of  the  beds  and  other  details)  trom  Sheet  S<i("' 

horizontal  sections  of  the  Geological  Survey,  drawn  across  the  centre  of  the  field  b(t*<* 

Swansea  and  Llandcilo  FaMrr,  by  Sir  W.  Logan.  P^ 

d.  Coal-measures,  with  50  beds  of  coal  varying  trom  6  inches  to  6  feet  9M 

c   Farewell  rock  (Millstone  grit) 400 

h.  Carboniferous  limestone W 

a.  Old  Red  Sandstone. 

In  Fig.  156  no  notice  is  taken  of  the  shaly  base  of  the  Cfr 
boniferous  limestone,  which  nevertheless  exists  as  drawn  by  Profe** 
Phillips  in  section  Fig.  154,  and  is  a  constant  member  of  the  fieri* 
throughout  the   district,  as  it  is  over  the  south  of  Ireland.*    ^ 

*  See  also  sections  in  Mem.  OtoL  Surve^ft  toL  L 
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577 


1000 

600  to  1500 

200 


aeral  description  of  the  formation  in  this  district  may  be  given  as 
lows,  assigning  the  maximum  thickness  to  each  group  : — 

Feet. 

4.  Coal-meaaures,  Upper  series 3400 

„  Pennant  Grit  series    ....         8246 

„  Lower  series      ....      450  to    8^0 

3.  Millstone  Grit,  or  Farewell  rock 
2.  Carboniferous  Limestone  . 
1.  Lower  Limestone  Shale     . 
Old  Red  Sandstone. 

1.  The  Zo2r«r  Limestone  Shah  consists  of  dark  earthy  shales,  occa- 
lally  interstratified  with  yellowish  sandstones  below,  and  always  with 
1  flaggy  limestones  in  its  upper  part  It  seems,  therefore,  to  graduate 
Awards  into  the  top  of  the  Old  Red  Sandstone,  as  well  as  upwards 
>  the  Carboniferous  limestone.  According  to  Mr.  Salter,  it  contains 
:^i8ely  the  same  fossils  as  are  found  in  it  in  Ireland. 

2.  Carboniferous  LimesUme, — A  series  of  compact  limestones,  thick 
thin  bedded,  of  various  shades  of  grey  and  red,  sometimes,  as  near 

3tol,  interstratified  with  brown,  grey,  and  red  shales  below,  and  with 
lea  and  sandstones  (often  red)  in  the  upper  portion.  Thickness  500 
1500  feet. 

3.  Millstone  Qrit  or  Farewell  rock. — A  series  of  sandstones,  hard, 
^rtzose,  white  or  grey,  and  near  Bristol  red.  Maximum  thickness 
Ut  1000  feet. 

4.  Coal-measures. — An  enormous  series  of  alternations  of  many 
adred  beds  of  shales,  sandstones,  and  coals,  the  latter  varying  from 
i  inch  to  seven  or  eight  feet  in  thickness,  twenty-tive  of  them  being 
re  than  two  feet.  The  Pennant  sandstones  belong  typically  to  the 
4th  Welsh  basin.*  They  occupy  the  central  and  lower  portions  of 
5  series,  and  contain  15  coal-seams.  The  coal  under  the  western 
rtion  of  the  basin  is  anthracitic ;  under  the  central,  semi-bituminous, 
Cueing  the  valuable  "  steam  coal "  of  commerce  ;  and  under  the 
•tern  portion,  bituminous.  These  changes  take  place  gradually  over 
3  whole  area.  The  total  thickness  of  the  whole  Coal-measure  group 
Hot  less  than  7000  feet,  and  is  believed  in  some  places  to  be  even  as 
ich  as  1 2,000  feet.t 

Near  Bristol  the  Coal-measures  are  thinner,  and  are  divisible  into 
^e  sub-groups,  having  a  central  band  of  hard  sandstones  called 
onant. 


c.  Upper  Coal-measures,  with  10  coals  . 

h.  Pennant  series,  with  5  coals 

a.  Lower  Coal-measures,  with  36  coals  . 

Total  Coal-measure  series 


Feet. 
1800 
1725 
1565 

5090 


se  Logan,  OtoL  Trans. ^  2d  series,  yol.  vi.  p.  491. 

2  p 


t  Afem.  QtcL  Survey ^  vol  L  p.  202. 
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Thil  eentral  band  of  eoiulEtoD^  is  tnc«ible  also 
tneaiu  of  a  huil  i)a»rtzoM>  sanilstone  called  Cockiboat  nd^ 
fltnctan  of  the  lower  gn>upa  U  uUo  peculuir  ;  s  Mctian  <t  tb 
giren  in  detail  fnim  the  tneiuureineiiU  of  iSi.  D.  WUIiuM.*  ' 
take  the  &nt  ten  divisions  of  ihnl  section  for  Mill^taaF  ^'•,  oa 
the  others  into  pronpd,  they  would  be  aa  follows : — 

Uillslotie  Orit,  or  Tonalale  Bnli  (ptitlj  rod  cuidnone)  r,i  ) 

D|.'pu  Liia»taDc  (the  Gnt  SiO  fwt  ambuointt  uomj  rad 

undstDDM  intentntifitd  with  the  Uinntouet) 
BUcb  anil  hrowo  uplUccoui  limettooa  uid  shi 

Lava  LiRifstoDc 

Lower  Limastom  >l»1e 

Ydlows 


It)  the  Fai«M  of  Iteui  coalfield,  the  thicknewM  given  il^* 
diminished  to  a)x>u(  one-thiid,  or 

FM     I 
Coil-TneisDm.  trilh  31  oinli,  general!;  tiun  .  .        ttM    I 

MilUUMj^Crit tU     J 

CsrboBiteroM  Linieajnne i!0     J 

Lover  Limestom  ibilt  f IH 

Midlud  Coonties. — In  the  centre  of  England  we  get  the  co*li' 
of  Leicestershire,  WarwickshiK,  South  Staffordshire,  and  Coalbn>k<w 
with  other  sniallet  ones  near  SfarewBhurT-,  which  differ  from  ibcwW 
north  and  south  of  them  in  being  defective  at  their  base.  TbtT* 
sst  pnndpallj  of  Coal-measurta  only,  resting  on  Cambiiu  orShd 
rocks.  Carboniferous  Limestone  sets  in  again  at  the  northern  ai»- 
the  Leicestei^ire  and  Coalbrokedale  coalfields,  and  the  Old  BtdStf 
atone  »ets  in  to  the  south  of  the  latter,  and  underlies  the  coalbU 
the  Forest  of  Wvre,  lettinn  in  a  thin  portion  of  Carbonifetons  I« 
stone  about  the  stuall  i-oalfield  of  the  Brown  Clee  Hill ;  but  the  0< 
measures  overlap  these  as  thej  die  out  from  the  north  and  llx  ** 
respectively,   and    repose    indiscriminately  on   any  lower  rocki  t* 

It  seems  as  if  a  narrow  rocky  island  or  chain  of  iibiA  ' 
stretched  east  and  west  from  North  Wales  and  Shropshire,  «W ' 
centre  of  what  is  now  England,  during  the  early  part  of  ihe  C«rf* 
iferous  period,  so  that  while  the  Carboniferous  Limestone  "«  ** 
formed  in  the  seas  to  the  north  and  eonth,  it  died  out  as  it  apprcact 
this  rid^  of  dry  land.  South  of  the  Dodley  coalfield  this  nJg*  " 
lo  have  fonued  the  margin  of  the  Coal-measures  themselves,  w  i^ ' 
been  recently  proved  that  the  Main  Coal  terminates  in  the  diif^" 


I  nid.fp.in,m,» 


CAKDONIFFKors    rF.KIoP. 


t-tie  Cl«.-nt  and  Lickev  Hills,  ii'^ainst   the  vSiluiian  rocks.     At  tli' 


•u    di:"«^   l"--' 


ait-.i  i'Ui  a^  c 


ier  period  of  the  deposition  of  the  Old  Red  Sandstone,  this  I 

to  have  been  wider  and  more  persistent,  and  to  have  ext 

^Tiiongh  what  is  now  Ireland,  since  the  Old  Red  Sandstone  dies 

we  proceed  from  the  sonth  to  the  centre  of  both  countries,  an< 

again  appear,  except  as  detached  patches,  until  we  reach  the 

Scotland.     During  the  latter  part  of  the  Carboniferous  period, 

the  barrier  was  depressed,  and  the  water  in  which  the 

were  deposited  extended  over  it,  so  that  this  upper  p 

formation  was  spread  continuously  across  from  the  regions  ( 

to  those  of  the  north.* 

Vba  North  of  England  and  'Wales. — To  the  north  of  the  d 

mentioned,  the  Carboniferous  formation  is  magnificently  deve 

l^orth  Wales  and  Cumberland,  the  base  of  the  series  may  b< 

tang  chiefly  on  Upper  and  Lower  Silurian  rocks,  with  scrap 

of  Old  Red  Sandstone  appearing  here  and  there  in  the  h< 

those  rocks  below  the  limestone.     The  Carboniferous  limesti 

y  about  1000  or  1500  feet  in  thickness,  sometimes  much 

iy  pure  compact  limestone,  but  taking  in  here  and  there  b< 

shale.     It  is  covered  by  beds  of  shale,  with  thick  beds  of 

graduating  up  into  a  series  of  sandstones  and  shales,  conti 

of  coflL     These  form  the  groups  known  as  the  Yoredale 

e  Grit,  and  the  Coal-measures. 

^ttnnine  Chain,  firom  DerbysliiTe  to  the  Cheviots. — There 

Hally  from  the  central  plains  of  England  a  broad  ridge  of 

lands,  the  summits  of  which  are  often  2000  feet  above  tl 

IB  formed  of  a  broad  anticlinal  curve,  a  good  deal  broken  b} 

along  its  north-west  flank  towards  Westmoreland  and  Cu 

and  along  its  western  margin  into  Staffordshire.     On  the  op 

throughout  Yorkshire  and  Derbyshire,  the  beds  are  much  le 

,  and  generally  dip  at  a  moderate  angle  beneath  the  coal-mec 

In  Derbyshire  the  Carboniferous  limestone  rises  to  the  surface 

central  portion  of  the  anticlinal  curve,  and  is  deeply  cut  in 

ue  valleys,  though  the  base  of  the  series  is  nowhere  ex 

the  ridge  sinks  towards  the  south,  the  beds  are  overlapped  an< 

by  the  New  Red  Sandstone,  but  on  each  flank  of  the  r 

is  shown  more  or  less  closely  identical  with  that  given  in  Fi{ 

\  £.  Hull  has  recently  shown  that  the  north  and  south  axis  of  this 

^Siferable  to  the  period  intervening  between  the  Permian  and 

the  east  and  west  flexures  are  referable  to  the  period  betwe 

of  the  Carboniferous  and  commencement  of  the  Permian  pei 

*  8m  oitdM,  pi  SM. 

f  "On  the  BeUttiye  Ages  of  Physical  Featnret,  etc."    Q^tort.  Journ,  Geof.  Soe, 
nhr.  piSSS. 
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The  Coal-measare8  mentioned  in  the  following  eedkn  afadta 
Nottingham  to  Leeds,  on  the  east  side  of  the  antieUnal,  whiie«tki 


HKST 

HiAR 
CRICH 


c     — s, rf        * 

Pig.  167. 
DUgnunmatic  Mction  «croM  *  part  of  tli«  Derl^yihin  eoaUteU. 
Redaeed  fjrom  Sheet  80  of  the  HorUontal  Seettoni  of  the  Geologieal  Snitef  (tanW 
W.  T.  ATeUne  and  E.  HollX  omitting  flexoree  and  faults. 
Penulan 


(/.  Magnevian  Limeetone. 
if.  Bothliegende (oeoaaional). 


Carboni- 
ferona 
Rockf. 


i 


Beds  above  the  Oanister  series 


'{ 


d.  Coal  mea-  (  ^^  aoove  ine  uanisver  senes ^ 

.„^^       \  Oanister  coals  and  sandstones ^ 

I  Beds  below  the  Ganlster % 

e.  Millstone 

Grit 
h.  Upper  Limestone  shale  (black  shales)  -     ^ 

^o.  Carboniferous  Limestone  (about) 


Orits,  sandstones,  and  shales,  with  thin  coals 


west  side  they  form  the  coalfields  of  North  Staffordshire,  Cheahire,*^ 
Lancashire.  In  these  coalfields  there  is  a  much  greater  thicknes^ 
Coal-measures,  and  also  of  Millstone  grit  and  Upper  Limestone  M 
than  on  the  eastern  side.  Mr.  Hull  gives  the  following  as  the  setiM 
of  North  Staffordshire  in  the  Horizontal  Sections  of  the  Gtokgv 
Survey,  Sheets  42  and  55  : — 


Permian  rocks 


Feet 

600 


4.  Coal-measures  (in  three  subdiYisions) 

8.  Millstone  Grit  .         .         .         . 

2.  Yoredale  Rocks       .         .         .         . 

1.  Carboniferous  Limestone 


5000 

4O00 

2300 

more  than  4000 


15,300 


The  Lancashire  district  is  stated  by  Mr.  Hull  to  show  the  follofi 
beds  : —  „  ^ 

Feet 
4000 


New  Red  Sandstone 
Permian 


8.  Coal-measures  (in  three  subdivisions) 
2.  MUlstone  Grit,  from  3500  to 
1.  Yoredale  Rocks,  from  2000  to 


500 

7200 
5500 
4500 


However  extraordinary  the  thickness  of  the  Lower  Carbonifo 
beds  in  this  district  rn^y  appear,  there  is  no  doubt  of  the  iact,  t» 


mm 
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xlts  have  been  confirmed  by  many  independent  sections  measured 
>e8  the  Pendle  range  of  hills,  where  the  beds  rise  to  the  northward 
I3iany  miles  with  wonderful  regularity,  and  at  high  angles.  In  truth, 
CJarboniferous  series  overlying  the  Limestone  attains  in  this  part  of 
rXand  a  development  nowhere  surpassed  ;  and  commences  to  thin 
y  towards  the  south-east  into  Leicestershire  and  Warwickshire  ;  so 
'  a  combined  series  of  beds  which  originally  attained  in  North 
Ciashire  (near  Burnley)  a  thickness  of  more  than  18,000  feet,  in  the 
cker  counties  is  represented  by  about  3000  feet  of  strata.* 
-At  Dukinfield,  near  Manchester,  a  single  shaft,  sunk  by  Mr.  Astley 

cost  of  jB  100,000,  has  a  depth  of  2151  feet,  passing  through  30 
ixent  beds  of  coal,  having  an  aggregate  thickness  of  105  feet, 
inty-two  of  these  coals  are  of  workable  quality  and  thickne8s.t 
e  Bridge  Colliery,  near  Wigan,  is  even  deeper. 
In  Nottinghamshire,  the  Duke  of  Newcastle  has  lately  sunk  a  deep 
Tt  through  the  Permian  rocks  into  the  Coal-measures,  of  which  a 
liled  account  is  given  by  Messrs.  Lancaster  and  Wright  in  the  Quar- 
y  Journal  of  the  Geological  Society,  London^  vol.  xvi.  p.  138.  After 
aing  through  about  200  feet  of  Permian  rocks,  they  sank  through 
i  sets  of  beds  of  sandstone,  shale,  and  coal,  with  a  total  thickness  of 
^O  feet,  down  to  the  Top  Hard  or  Bamsley  Coal,  which  was  not 
te  4  feet  thick,  and  then  sank  and  bored  below  that  to  a  total  depth 
1642  feet  from  the  surface.  The  "Top  Hard"  of  the  Derbyshire 
Ifteld  is  believed  to  be  the  same  bed  as  the  "  Barnsley  coal"  of  the 
^kshire  coalfield,  and  it  has  a  thickness  of  upwards  of  2000  feet  of 
ftl-measures  below  it  in  each  place. 

ICUlBtone  Grit  and  Toredale  Series  of  North  StaffordBbire,  Derby- 
^,  Ijancashire,  and  Torkshire. — It  has  recently  been  found,  by  the 
i-cers  of  the  Geological  Survey,  that  these  beds,  which  are  interposed 
tween  the  Lower  Coal-measures  and  the  Carboniferous  Limestone,  are 
^ible  into  the  following  subdivisions,  which  have  been  traced  over 
Urge  tract  of  the  Pennine  chain  and  adjoining  districts. 


Ilstone  Grit  Series. ' 


'  First  Grit  or  Rough  Rock. 

Shales. 

Second  Grit,  or  Haslingden  Flags. 

Shales. 

Third  Grit  (often  in  two  beds). 

Shales. 
,  Fourth,  or  Kinder  Scout  Grit  (often  in  two  or  more  beds). 

•  "On  the  thickness  of  the  Carboniferous  Rocks  of  the  Pendle  Range,  etc.,"  by  E.  Hull, 
•ft  Jcum.  Gtol.  Soc,  vol.  xxiv.  p.  .319. 

I  The  lowest  coal  reached  is  called  the  "Black  mine,"  and  is  4  ft  8  in.  thick,  and  it  was 
silated  as  able  to  supply  500  tons  daily  for  thirty  years,  the  estate  being  1263  acres, 
fe  shaft  is  12  ft  6  in.  diameter,  but  expands  near  the  bottom  to  19  ft  2  in.  It  is  lined 
b  bricks  9  In.  thick,  with  rings  of  stone  at  intervals  of  8  yards.— Times,  8I«<  Jit^f  1868. 
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iShalii. 
YoraddaGitt. 
Shalflt. 
Yoradato  Smditoiiei 
Blftck  Shftkt  with  fhin  liflMrtoBM. 

Ab  we  trace  the  Millstone  Qrit  and  Upper  Lunestone  shale  fion 
neighbourhood  of  Matlock  or  Buxton  to  the  noitky  they  each  we 
become  more  complicated,  and  the  upper  part  of  the  Carbonif 
Limestone,  both  to  the  west  and  north,  becomes  split  up  hj  be 
shale,  so  that  in  Yorkshire  there  is  a  great  series  of  alternations  \ 
the  Coal-measures,  consisting  of  shales  and  sandstones  with  thin 
in  the  part  called  Millstone  Grit ;  and  shales  and  sandstones  with 
limestones  in  the  part  called  Upper  Limestone  Shale.  Li  Yorkshin 
Upper  Limestone  shale  and  top  of  the  Carboniferous  limestone  is  c 
the  Yoredale  series  hj  Professor  Phillips,  and  the  thick  limest 
below  are  called  the  Scaur  Limestone. 

The  lie  of  the  rocks  too  becomes  more  irregular  a  little  nort 
Leeds,  the  anticlinal  ridge  expanding,  and  its  flanks  being  throwi 
more  irregularly,  so  as  not  to  bring  in  the  Coal-measures  over  tl 
(except  in  one  small  patch)  on  either  the  east  or  west  for  a  space  of  s 
miles  *  On  the  west  side,  indeed,  the  great  Cross  Fell  or  Pennine 
Craven  faults,  and  other  lai^e  dislocations,  utterly  disturb  the  Kgaik 
of  the  lie  of  the  rocks  up  to  the  Cheviot  Hills  ;  but  towards  the 
they  dip  gently  beneath  the  large  Durham  and  Newcastle  coalfi 
while  the  outlying  coalfield  of  Whitehaven  comes  in  on  the  cou 
Cumberland  on  the  west  A  section  drawn  across  the  countrr  fi 
the  valley  of  the  Eden  to  the  mouth  of  the  Tyne,  would  exhibit 

following  series  of  rocks  : — 

Feet 

4.  Coal-measures more  than  2000 

8.  Millstone  Grit 414 

2.  Yoredale  series 540 

1.  Great  or  Scaur  Limestone  group         .         more  than  1119 

1.  The  Great  or  Scaur  limestone,  as  described  by  Foster  in  Tcead 
consists  of  ten  sets  of  beds  of  limestone  from  7  to  130  feet  in  thicks 
separated  by  as  many  sets  of  shale  and  sandstone  varying  from  1: 
240  feet  thick,  the  total  thickness  of  the  whole  being  1119  feet,i 
the  bottom  not  8een.t 

2.  The  Yoredale  series  contains  nine  sets  of  limestone  from  1 
30  feet  thick,  with  as  many  alternations  of  shale  and  sandstone,  fi 
17  to  70  feet  thick,  with  occasional  beds  of  coal,  the  whole  being* 
feet  thick. 

*  North  of  Leeds  the  Carboniferous  rocks  are  thrown  into  great  folds,  rang^  ■ 
B.  and  W.    Bee  Hull.  Quart,  Jowm.  Gtol.  Soe.,  vol.  xxiv.  p.  823. 
t  PhUlips'  Manual  of  Otology,  p.  108. 
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3.  The  Millstone  grit  here  contains  one  central  band  of  limestone, 
ailed  Feltop  limestone,  between  alternations  of  sandstone,  shale  with 
ronstone,  and  coal,  having  a  total  of  414  feet 

4.  The  Coal-measures  of  the  Tyne  district  (Newcastle,  etc.)  are 
ibont  2000  feet  in  thickness,  containing  about  600  separate  beds  (or 
neasures),  and  a  total  of  about  60  feet  of  coaL  The  coal  lies  in  many 
[>ed8,  two  of  which  are  6  feet  in  thickness,  and  three  others  3  feet  or 
QQore.  A  little  farther  north,  about  Berwick-on- Tweed,  good  beds  of 
^oal  are  worked  down  near  the  very  base  of  the  series  in  the  group 
lescribed  above  as  the  Great  Scaur  Limestone  group. 


Scotland. 

The  Carboniferous  system  is  well  developed  along  the  great  mid- 
land valley  of  Scotland  from  the  shores  of  the  Firth  of  Clyde  to  the 
mouth  of  the  Firth  of  Forth.  The  lower  part  of  the  system  exhibits 
Gi  still  farther  change  in  the  same  direction  as  that  which  takes  place  in 
the  north  of  England.  Instead  of  a  great  base  of  massive  limestones, 
the  lower  formations  consist  mainly  of  sandstones  and  shales,  with 
comparatively  few  and  thin  limestone  bands.  We  may  infer  that  the 
sarly  Carboniferous  land  of  our  area  lay  somewhere  to  the  north,  while 
)ver  the  greater  part  of  central  and  northern  England  there  was  sea. 
Later  on  in  the  Carboniferous  period,  however,  when  the  Coal- 
neasures  were  deposited,  a  greater  uniformity  of  conditions  seems  to 
lave  obtained,  for,  except  in  diminished  thickness,  the  Scottish  Coal- 
aeasures  do  not  differ  markedly  from  those  of  the  sister  kingdom. 

Recent  examinations  by  the  Geological  Survey  have  shown  that  the 
^^rboniferous  rocks  of  Scotland  are  capable  of  convenient  grouping  into 
he  following  subdivisions  : — 


i.    Coal-measures. 


i  /.  Red  sandstones  and  clays. 


3.   Moor-rock  or 
Millstone  Grit. 

2.   Carboniferous 
Limestone  Series. 

1.   Calciferous 
Sandstone  Series. 


.  e.  White  and  grey  sandstones,  shales,  fireclays,  coals,  and 
(  ironstones. 

!d.  White  and  grey  sandstones  and  coarse  grits,  with  some 
thin  coal  seams. 
!c.  Sandstones,    shales,    coals,    ironstones,    and    bands    of 
Encrinite  limestone. 
b.  White  and  grey  sandstones,  black  and  blue  shales,  cement- 
stones,  cyprid-limestones,  and  occasional  coal-seams. 
a.  Red  and  purple  sandstones,  conglomerates  and  comstones. 

1.  Calciferoas  Sandstone  Series. — This  basement  series  consists  of 
wo  groups.  The  lower  (a)  is  formed  of  dull  red,  reddish  grey  and 
>urple  sandstones,  sandy  shales,  conglomerates,  and  occasional  seams  of 
.omstone.  Lepidodendron^  CalamiteSf  and  other  plants,  are  occasionally 
bund  in  these  beds.  In  the  counties  of  Edinburgh,  Lanark,  Peebles, 
\.yrshlre,  Renfrewshire,  and  Dumbartonshire,  these  red  sandstones  are 
leen  resting  unconformably  on  middle  and  lower  Old  Red  Sandstone 
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«nd  Silurian  rocks.  In  Haddingtoniihize  and  Berwidoliize  tibij  ere  j 
less  developed,  but  there  they  pass  down  oonfonnablj  mto  upper  Old 
Red  Sandstone,  from  which  they  are  on  the  whole  diBtangniriidl  hj  a 
difference  of  tint  The  upper  group  (6)  is  less  peraiatent,  or  aft  iMft 
subject  to  much  more  decided  local  Taziationa,  in  aome  plaeea  boag 
entirely  absent,  in  others  swelling  out  to  a  thickneea  of  aeyeral  hvndnd 
feet  It  consists  of  white  and  grey  sandstones,  blue  and  black  shalei, 
(some  of  which  are  highly  bituminous,  and  are  now  eztensiTely  used 
for  making  paraffin  oil),  limestones  full  of  cyprids,  comstonea,  and  a 
few  occasional  coal-seams.  One  of  the  limestonea  is  the  well-known 
seam  of  Burdie  House,  near  Edinburgh,  from  which  Mtgalickthfi  and 
other  Carboniferous  fishes  were  first  described.* 

a.  OarboniferooB  Limestone  Series. — ^This  division  of  the  system 
usually  consists  of  two  or  three  lower  limestone  bands  aaaociated  witli 
sandstones,  shales,  and  coal-seams,  a  thick  middle  group  <^  coal-lMff> 
ing  strata,  with  some  valuable  clay  ironstones,  but  without  limestxaa^  i 
and  an  upper  group  containing  two  or  three  comparatively  thin  Int  r' 
widely  spread  bands  of  limestone.  The  limestones  are  idl  marine  I' 
being  full  of  encrinites,  corals,  bracbiopods,  etc  They  usually  do  not 
exceed  ten  or  twelve  feet  in  the  thickness  of  each  band,  but  sometime 
swell  out  locally  to  three  or  four  times  that  thickness.  One  of  tlx 
lower  limestones  is  frequently  found  resting  directly  on  a  seam  of 
coal. 

In  the  Carboniferous  limestone  series  of  Linlithgowshire  and  Fife 
there  is  an  abundant  intermingling  of  contemporaneous  volcanic  rocks 
which  continued  to  be  thrown  out  in  that  region  intermittently  from 
the  time  of  the  deposition  of  the  Calcifcrous  sandstones,  onward  tbrongii 
nearly  the  whole  of  the  period  occupied  by  the  accumulation  of  the 
Carboniferous  limestone  series. f 

8.  Millstone  Grit. — In  Edinbuighshire,  Fife,  and  Lanarkshire,  then 
occurs  a  thick  series  of  coarse  sandstones,  locally  known  in  some  plsoei 
as  moor-rocky  lying  above  the  Carboniferous  limestone  series  and  belof 
the  Upper  coal-bearing  series  or  true  coal-measures.  These  sandetooei 
are  regarded  as  probably  representing  the  English  Millstone  grit  b 
Ayrshire  they  are  so  diminished  as  not  to  be  separable  into  asj 
definite  group,  the  Carboniferous  limestone  series  and  coal-measoitf 
appearing  to  shade  into  each  other. 

4.  Ooal-measures. — Above  theMoor-rock,and  conformably  inteiiaoed 
with  it,  comes  an  upper  series  of  strata,  divisible  into  two  groups.    Of 

*  See  Hibbert,  Trans.  Roy.  Soc  EdifL,  vol.  xiU.  For  further  Infommtton  nc;wM 
the  Caloiferous  saDdstone  series,  see  MacLaren's  Chology  of  ^^  o^  ^^  X«CAk»s.  Alto  A* 
Geological  Survey  Memoirs,  Explanation  of  Sheets  14, 16,  83,  SS,  and  34. 

f  For  information  regarding  the  Scottish  CarboniferouB  limestone  aeriet,  ooosalt  tbi 
Geology  of  iht  Neighbourfiood  of  Edinburgh  (Memoirs  qf  the  Otohgieal  Survey) ;  MacLiRB^ 
Fije  and  (U  iMthians ;  J.  Young  on  Campsie  Limeatonas,  in  IVaiu.  GtoL  Soc  Olaifov,  foLi 
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these  the  lower  (e)  consists  of  grey  and  white  sandstones,  shales,  and 
fireclays,  with  coal-seams  and  day-ironstones  ;  the  upper  (/)  is  made  up 
chiefly  of  red  sandstones  and  clays  without  coal-seams.  This  upper 
group  in  Ayrshire  contains  a  seam  of  limestone  with  SpiroHna. 
Although  this  red  sandstone  series  appears  in  most  places  as  if  con- 
formably overlying  the  coal-bearing  measures  below,  in  parts  of 
Ayrshire  it  overlaps  these  so  as  to  rest  directly  upon  a  low  part  of  the 
Carboniferous  limestone  series.  * 

Ireland. 

In  no  European  country  is  the  lower  portion  of  the  Carboniferous 
formation  better  developed  or  more  clearly  seen  than  in  Ireland. 

Carboniferous  Slate  and  Coomhola  G-rits. — ^In  the  preceding  chapter 
mention  was  made  of  the  Old  Red  Sandstone  which  sets  in,  in  the 
counties  of  Kilkenny  and  Wexford,  as  a  very  thin  deposit,  but  swells 
rapidly  out  in  Waterford,  and  acquires  enormous  bulk  in  Cork  and 
Kerry.  In  the  two  latter  counties  the  Old  Red  Sandstone  consists  of  a 
vast  series  of  green,  brown,  and  purple  gritstones,  interstratified  with 
green  and  purple  slates.  This  series  is  covered  quite  conformably,  as 
may  be  seen  in  the  country  round  Bantry  Bay,  and  thence  by  Skib- 
\>ereen  to  Kinsale  and  Cork  Harbour,  by  other  grits  and  slates,  which 


mevTM 


.  MORTN 

Cobduffft  fj 


1 


A^dnM^athd 


Fig.  168. 

Bection  abont  S|  iniles  long,  from  S.  to  N.  across  the  hills  on  the  east  side  of  Glengariff 

Harbour,  and  between  it  and  the  Olen  of  Coowhola. 

&•.  Black  slate  with  calcareons  bands,  fttll  of  fossils. 

5*.  Black  and  grey  slate,  with  few  fossils. 

lA.  Orey  and  greenish  grey  grits,  with  interstratified  black  and  grey 

slates,  with  marine  shells  and  some  plants  (Coomhola  grits). 
a*.  Orey  and  greenisb-grey  grits,  interstratified  with  green,  liver- 

coloored,  and  purple  slates,  containing  fhigments  of  plants, 

tbe  beds  getting  redder  below,  and  plants  disappearing.    Com- 

•tooes  occasionally. 
a\  Qreen  and  purple  miwsiye  grits  (OlengarifT  gritsX  and  thin  bands 

of  purple  slate.    Comstones  occasionally. 

Tliffer  from  those  below  chiefly  in  the  entire  absence  of  red  colour,  and 
\he  predominance  of  grey  passing  into  black.     This  upper  series  has 

*  In  ftdditloa  to  the  papers  already  cited,  ftirther  information  on  the  Scottish  Carboni- 
rocks  maj  bs  obtained  fh>m  Mr.  Ralph  Moore's  Section  of  Ou  LanarktKirt  Coaifield. 


Carboniferous 
Slate. 


Old  Red 
Sandstone. 
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been  called  by  Sir  R,  Oriffil-h,  Carboniferons  slate.  In  Eantry 
there  is  not  much  change  in  the  appearance  of  the  saadEtones  and  { 
Hlonea  about  tlie  junction  of  the  Old  Red  Sandstone  nnd  Corbonife 
Blate,  so  that  the  boundary  between  them  can  only  be  at  first  det«rnu 
by  noting  the  change  in  the  colour  of  the  slate  bauds  that  lie  ben 
the  grits. 

Numeioiu  Kcdont  might  be  dimm  in  many  parti  of  &«  tm 
Cork  to  show  the  relatiotu  of  these  rocks,  but  the  one  ia  Fig.  15 
taken  in  a  part  of  the  district  frequently  visited,  and  interating  ia 
picturesque  heanty  as  well  as  its  geology.  It  explAina  the  lie 
position  of  the  beds  on  the  east  side  of  Olengariff  Harbour,  in  Bai 
Bay.  About  Glengariff  and  about  Bear  Island,  and  thence  to  Ddi 
Island,  and  also  along  the  south  side  of  Kenmare  Bay,  &om  gilrnanill 
to  Eillcatherine,  these  beds  are  admirably  shown.  The  gmupa  ca 
If  and  V  in  the  section  Fig.  108  cannot  be  leM  than  8000  feet,  and 
group  colled  (^  (the  Coonibola  grit  group)  mnst  be  at  least  3000 1 
thick,  so  that  we  may  state  the  Carboniferons  slate  of  Ooonty  Coil 
have  a  maximum  thickness  of  at  least  liOOO  feet 


FiWMll  Oniuij  No.  14.— CuboDlfBroiu  SUtc  FdhUl 

a.  Splrifen  ctupidiU.  d.  UodEoU  If 

b.  RhyneboncUa  pleiuodon,  ■.  CocDlte*  HudingU. 
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acterxMtic  Fossils, — ^The  calcareous  bands  called  &>  have  numer- 
[b,  among  which  are  the  following  : — 

PhilL  Pal.  fo68.,  t.  2. 

I  Phill.  Pal.  foes.,  t  12. 


.     .     Cyathophyllain(Petraia)pleari- 

radialis 
.     .     Fenestella  antiqna 
da  .     Athyris  planosulcata 

lamellosa    . 

Streptorhynchus  crenistria 

OrthU  Michelini     . 

resupinata  . 

Producta  scabricula 

Rhynchonella  pleurodon . 

Spirifera  cuspidata 

disjuncta  (Vemeuillii) 

lineata 

striata 

I     .     Avicula  Damnoniensis 

Modiola  Macadami 

Nacula,  species. 
incUa    Actinocrinus  . 

Archaeocidaris  (plates  of) 

Platycrinus    . 

Poteriocrinus 

Rhodocrinns  . 
.     .     Phillipsia  pustulata 


Phill.  G.  Y.,  t  10,  fig.  16. 

PhilL  G.  Y.,  t  10,  fig.  21. 

Phill.  G.  Y.,  1 9,  figs.  5  and  6. 

Phill.  G.  Y.,  t  11,  fig.  8. 

Ibid.  fig.  1. 

Ilnd.  t  8,  fig.  2. 

Fobs.  gr.  14,  b, 

Foss  (n*  1 4  A* 

PhilL  Pal.  foss.,  t  29  and  80. 

PhilL  G.  Y.,  1 10,  figs.  17,  20. 

Foss.  gr.  16,  e. 

Foss.  gr.  14,  c, 

Foss.  gr.  14,  (L 

Phill.  G.  Y. 
M*Coy.  Garb.  foss. 
Foss.  gr.  18,  a. 
Phill.  G.  Y. 

Ibid. 
Foss.  gr.  18,  d. 


Leperditia  sub-recta  and  L.  Scotobnrdigalensis. 

le  group  (\  or  the  Coomhola  Grit,  part  of  the  Carboniferous 
3  following  fossils  have  been  found  : — 

.     .     Stem   of  "  Knorria "    (probably  portions  of  Cyclostigma)   and 

other  plants  identical  with  those  in  the  Old  Red  Sandstone 

below. 
da  .     Almost  all  those  mentioned  above,  the  Rhynchonella  plenrodon 

and  Spirifera  cuspidata  and  disjuncta  most  abundantly,  with 

the  addition  of  a  large  Lingula. 


Avicula  Damnoniensis 
Ayiculopecten,  species 
Cucullsea  Hardingii 

trapezium 

Curtonotus  elegans 
Dolabra  securiformis 
Sanguinolites  plicatus 
Modiola  Macadami 
Myalina,  species. 
Mytilus,  species. 
Nucula,  large  species. 
Bellerophon  striatus 


Foss.  gr.  14,  c. 
M*Coy,  Garb.  foss. 
Foss.  gr.  14,  e. 
PhilL  PaL  foss.,  t.  19. 
Foss.  gr.  14,/. 
M*Goy,  Garb,  foss.,  t.  11. 
Ibid.,  t  10. 

Foss.  gr.  \iy  d. 


PhiL  Pal.  foss.,  t  40. 


rounded  species,  sharply  keeled  species,  and  trilobed 


ia 


species. 
Orthoceras,  species.* 


Notes  on  CUssiflcation  of  Dev.  and  Car.  Rocks  of  S.  of  Ireland,  by  J.  W.  Salter 
ukes,  /(tmm.  Dvb.  Gtol.  Soc,  voL  vlL  ;  and  Explanation  of  Sheets  192,  107,  and 
ical  Survey  of  Ireland. 
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Thii  CooxnhoUt  grit  seriM  in  clearly  identicil  "vith  the  Ifanpood  Sandslow 

groap  of  Devonshire  (»&.)f  ^ut  in  the  sonth  of  Iielaiid  ito  lelatioii  to  a  nit 
thickness  of  Old  Red  Sandstone  below  it,  places  it,  in  aeoordnioa  witfi  ftt 
palseontological  evidence,  as  clearly  in  the  Carboniferons  groap^  and  fanBist 
the  base  of  the  great  Carboniferous  series.  It  is  remarkable  that  tiie  hoandiiy 
between  it  and  the  Old  Bed  Sandstone  below,  as  drawn  from  lithningM 
characters  and  chiefly  the  mere  colours  of  the  rock,  is  in  haimoDy  with  As 
paUeoutological  character  of  the  occurrence  of  marine  sMZs .  No  nndoiiUadlj 
marine  remains  are  to  be  found  in  the  red  rocks,  but  as  soon  as  the  red  tinti 
disappear,  we  get  brachiopoda  and  conchifera  of  marine  characters. 

If  the  Coomhola  grits  be  classed  with  the  Carboniferous  aeries,  the  so-csDcd 
Upper  Devonian  of  Devonshire  and  the  Rhine  (the  Marwood  sandstones  and  the 
Spirifera  Vemeuillii  schists,  etc.),  must  also  be  called  Carboniferous. 

There  is,  however,  something  very  noteworthy  in  the  mode  of  occonoioe  of 
the  Carboniferous  slate  (including  the  Coomhola  grits)  in  the  sonth-woBt  of 
Ireland,  which  may,  perhaps,  eventually  turn  out  to  be  in  harmony  with  a  dsse- 
flcation  which  should  make  them  a  distinct  sub-group  in  combination  with  thi 
upper  part  of  the  Old  Red  Sandstone.  If  we  draw  a  parallel  of  latitude  thnv^ 
the  towns  of  Kenmare,  Macroom,  and  Cork,  the  great  development  of  Carinah 
ferous  slate  lies  wholly  south  of  that  line.  If  we  examine  the  nti^booriiood  d 
the  city  of  Cork  itself,  we  find  the  Old  Red  Sandstone  with  plants  in  its  oppe 
beds,  and  a  very  short  distance  above  that  we  get  solid  Carboniferous  limestoMi 
with  some  black  shales  or  slates  between  the  two,  but  not  more  than  200  or  900 
feet  in  thickness.  Passing  southwards  to  the  mouth  of  the  harbour  by  Monb- 
town  or  Queenstown,  and  then  by  Cnrrigaline  and  Coolmore,  these  intennediite 
black  slater  or  shales  thicken  to  2000  or  3000  feet,  still  having  the  Old  Bai 
Sandstone  below  and  the  Carboniferous  limestone  al)ove  ;  but  going  still  faiiliff 
soutli  by  Ringabella  to  Kinsale,  the  dark  grey  slates  and  grey  grits  thidca 
rapidly  to  5000  or  6000  feet,  and  are  nowhere  covered  by  any  part  of  the  Cir 
boniferous  limestone,  though  they  show  here  and  there  highly  calcareous  haD<k  . 
The  whole  of  the  rocks  are  thrown  into  numerous  anticlinal  and  synciiual  cams 
over  many  interrupted  axes  which  strike  very  steadily  from  E.N.E.  to  W.S.W.; 
and  the  headlands  and  bays  along  the  south  coast  of  Cork  exhibit  numeroa 
transverse  sections  across  the  beds,  so  that  no  mistake  can  be  made  respective 
the  facts.  On  ti*acing  the  beils  round  into  Bantry  Bay,  across  the  antidiBU 
ridges  of  Old  Red  Sandstone  that  form  Cape  Clear,  the  Mizenhead,  and  Sheep'i 
Head,  we  find  the  uppermost  be<ls  at  the  head  of  Bantary  Bay  becoming  actaii 
limestone,  as  if  the  Carboniferous  limestone  had  only  just  been  removed  fn^ 
them.  Following  them  again  over  the  anticlinal  ridge  that  ends  in  Dorsey 
Island  into  Kenmare  Bay,  we  again  find  the  Carboniferous  slate  in  the  hollow  of 
the  sj-nclinal,*  as  far  as  Snecm  and  Clonee.  Beyond  these  points,  however,  tk 
Old  Red  Sandstone  beds,  which  dip  beneath  the  waters  of  the  bay  from  each  side, 
seem  to  close  more  together,  and  exclude  the  Carboniferous  slate,  and  when  the 
head  of  the  bay  is  reached,  the  flat  land  is  composed  of  solid  limeetone,  with  i 
thickness  of  not  more  than  100  feet  of  block  shales  and  grits  between  the  base  d 
the  Carboniferous  limestone  and  the  top  of  the  Old  Red  Sandstone.  The  sectios, 
then,  is  like  that  shown'Jin  Fig.  1 54,  where  the  Lower  Limestone  shale  9,  joi 
100  feet  thick,  is  interposed  between  the  top  of  the  Old  Red  Sandstone/,  and  lh« 
Carboniferous  limestone  A.     Kenmare  is  not  more  than  ten  miles  from  Glengirif 

*  The  hea<lland8  of  the  south-woHt  of  Ireland,  from  Kerry  Head  to  Cape  Clear,  an  il 
formed  of  anticlinal  ridges  of  Old  Red  Sandstone,  whil^*  the  indentations  of  TtalM  B9» 
Dingle  Bay,  and  Kenmare,  Bantry,  Dunraanus,  and  Roaring  Water  Bays,  have  til  ked 
woi-n  in  the  more  easily  destnictible  Carboniferous  rocks  which  lie  in  the  syneUnal  tnog^ 
between  the  antlclinals. 


JTi  n,  (liicrl  liiiL',  so  that  within  that 'li.-tiiint?  tlif  riM-k>  next  above  thi'  top  of  t:;i' 
OM  Ked  Sandbtoiie  vary,  a.s  i.s  shown  iu  the  two  sections,  Figs.  154  and  15.s, 
and  that  without  any  appearance  of  discordance  or  interruption,  but  apparently 
by  the  gradual  intercalation  towards  the  south  of  a  series  of  beds  5000  feet 
thick,  which  are  entirely  wanting  over  all  the  country  to  the  northward.  The 
little  group  of  calcareous  bands,  called  6'  in  section  Fig.  158,  resembles  the 
■mall  group  of  shales  that  occur  beneath  the  limestone  at  Eenmare.  The  two 
sets  of  beds  are  probably  the  same,  and  form  the  Lower  Limestone  shale 
preaently  to  be  described — the  Carboniferous  slate  and  Coorahola  grits  coming  in 
below  as  a  distinct  sub-group  between  the  Lower  Limestone  shale  and  the  Old 
Bed  Sandstone. 

If,  after  examining  the  Carboniferoufl  slate,  we  proceed  northwards 
through  Ireland,  surveying  the  Carboniferous  rocks  right  and  left  as 
we  proceed,  we  shall  find  that  they  consist  at  first  of  two  groups 
only — Yiz,,  the  Carboniferous  limestone  below,  and  the  Coal-measures 
aboTe. 

Garboniferoua  Iiimestone. — ^This  formation  has  a  total  maximum 
thickness  of  about  3000  feet,  varying,  however,  in  different  places, 
especially  where  it  rests  unconformably  upon  an  irregular  surface  of 
lower  rocks.  Where  its  base  is  fully  developed,  it  is  always  found  to 
consist  of  beds  of  black  shale,  which  we  may  call  the  L(nver  LtmestoTie 
akaUf  generally  about  150  feet  thick,  sometimes,  perhaps,  not  more 
than  20,  sometimes  as  much  as  300.  This,  in  the  absence  of  the 
Carboniferous  Slate,  rests  directly  on  the  Old  Red  Sandstone,  and 
seems  even  to  graduate  into  it,  the  dark  shales  alternating  with  beds 
of  yellow  sandstone  below,  and  with  thin  courses  of  limestone  above. 
In  such  places  there  seems  to  be  a  perfect  blending  and  continuity 
between  the  Old  Red  Sandstone  and  the  Carboniferous  Limestone,  the 
liower  Limestone  shale  forming  w^hat  would  be  called  the  passage 
beds,  notwithstanding  which  there  is  a  gap  which  is  elsewhere  filled 
by  A  deposit  of  at  least  5000  feet  tldck  between  the  two.  The 
Lower  Limestone  shale  has  generally  a  peculiar  assemblage  of  fossils, 
formed  of  a  few  species  that  range  through  the  limestone,  but  are 
nowhere  found  in  such  especial  abundance  as  in  this  lower  part  of 
ity  from  which  other  species  elsewhere  abundant  are  absent  These 
are  the  species  mentioned  at  p.  587  as  characteristic  of  the  group  b\ 

The  Carboniferous  Limestone  of  the  south  of  Ireland  is  perhaps 
one  of  the  largest  aggregates  of  beds  of  limestone  to  be  seen  anywhere 
in  the  world.  The  most  usual  character  is  a  grey  fine-grained  or  com- 
pact limestone,  sometimes  dark,  sometimes  light,  sometimes  mottled, 
with  occasional  red  streaks  and  bands  in  some  of  the  beds.  In  some 
places  it  contains  beds  of  black  shale,  and  becomes  earthy  in  its  middle 
poirtion,  and  sometimes  the  whole  of  it,  except  the  lower  part,  puts  on 
this  sbaly  and  earthy  character.  This  middle  earthy  and  shaly  part,  has 
been  called  Calp,  from  a  local  term,  signifying  '^  black  shale."  Rlack 
chert  is  often  developed  in  the  limestone,  rows  of  nodules  and  aeaiuA 
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of  it  appearing  in  great  abundance,  sometimeB  in  one  part  and 
times  in  another. 

This  formation  in  the  south  of  Ireland  naoallj  forma  low  geiitij 
undulating  ground,  and  its  beds  are  seen  only  in  ahoit  aections  or  in 
scattered  qiiarries.     This  induced  me  for  some  time  to  doobt 
the  real  thickness  was  so  great  as  appeared  from  these  iaolated  i 
tions,  imtil,  in  the  course  of  the  G€K>logical  Sunrey,  we  had  f^xiff^n**^ 
the  hills  of  Burren  in  County  Clare,  on  the  one  side,  and  those  of 
Queen's  County,  on  the  other.    In  £urren,  especially,  the  upper  part  d 
the  limestone  is  magnificently  exposed.     A  range  of  hills»  niher  mon 
than  1000  feet  in  height,  sweeps  for  about  20  miles  along  the  sontk 
side  of  Qalway  Bay.     They  are  formed  entirely  of  bare  rock  from  tbe 
sea-level  to  the  hill-tops,  the  only  soil  being  found  in  creyioes  of  Ihi 
rock,  or  in  patches  in  the  hollows  of  the  valleys.    This  rock  is  all  lime- 
stone, in  regular  beds,  which  dip  gently  to  the  south,  at  an  ao^  d 
1^°  only,*  and  counting  from  the  lowest  bed  that  rises  out  on  the  a» 
shore,  to  the  uppermost,  which  caps  the  summit  of  the  hills  three  or 
four  miles  to  the  southward,  there  must  be  a  thickness  of  at  least 
1600  or  1700  feet  of  solid  limestone  shown  here.     The  beds  cm 
be  perfectly  traced  round  the  promontories  of  the  hills,  and  up  the 
recesses  of  the  valleys,  through  a  winding  line,  the   extremities  d 
which  are  fully  20  miles  apart,  and  throughout  that  distance  Mr.  Foot 
informed  me  that  there  is  not  a  trace  of  a  fault  or  disturbance,  or 
even  an  undulation  in  the  beds.    Terraces  of  20  yards  in  breadth  hive 
been  worn  here  and  there  on  the  top  of  some  particular  bed,  and  nuj 
be  walked  along  for  many  miles  round  the  sides  of  the  hille  io^ 
valleys,  which  resemble  great  stairs,  or  vast  amphitheatres.     They  «« 
not,  however,  very  easy  to  traverse,  since  the  rocks  are  so  cut  br 
several  systems  of  joints,  and  those  joints  are  so  worn  and  opened  by 
the  action  of  the  weather,  that  each  exposed  bed  is  cut  into  blocks  If 
deep  fissures,  and  the  uppermost  blocks  are  often  loose  and  totteriD& 
and  worn  into  rough  knobs  and  holes  by  the  mechanical  and  chemicJ 
action  of  the  weather. t     Throughout  the  thickness  of  1600  feet,  but 

*  The  late  Mr.  F.  J.  Foot,  who  surveyed  this  district,  and  myself,  were  enabled  todeU^ 
mine  the  dip  of  the  beds  with  the  most  perfect  accuracy,  by  means  of  the  heigfats  ^moa 
the  six-inch  Ordnance  maps.  In  two  or  three  places  we  could  walk  on  the  topmost  bed  d 
limestone  with  a  little  cliCTof  coal-measure  shale  close  to  us  resting  on  that  bed,  for  &- 
tances  of  half  or  three-quarters  of  a  mile  down  the  gentle  slope  of  the  dip,  ftom  the  sfd 
where  one  altitude  was  given  to  that  where  another  appeared  on  the  map— the  difltetMi 
of  the  altitudes,  of  course,  giving  us  the  fall  in  the  distance  traversed.  This  was  almp 
1  in  41,  which  is  almost  exactly  1^*. 

f  The  picturesque  atmospheric  effects  of  sunshine  and  dond  upon  these  bills  of  psltgMf 
stone,  with  their  sculptured  tops  and  terraced  sides,  and  their  deeply*winding  valkyt,  sM 
which  the  slightly-inclined  lines  of  stratification  recede  to  the  vanishing  point,  ar«  often  i 
peculiar,  and  such  as  I  never  saw  in  any  other  part  of  the  world,  while  Um  setttsg 
eon  verts  the  pale  grey  into  exquisite  tints  of  violet  and  rose  oolonr.  The  ^^tftrtwHl  ooHylV 
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one  band  of  chert  nodiQes  is  to  be  seen,  and  not  a  single  inch  of  shale 
or  an7  other  rock  but  grey  limestone,  every  bed  of  which  seems  to  be 
composed  mainly  of  the  minutely  broken  fragments  of  the  joints  of  encri- 
nites.  The  upper  part  of  the  Umestone  thus  admirably  exposed  in  this 
hill  country  forms  probably  about  half  the  whole  formation,  the  lower 
portion  spreading  to  the  east  over  a  low  country,  from  beneath  which 
the  Old  Red  Sandstone  rises  gently  out  on  to  the  hills  called  Slieve 
Bonghta. 

In  some  other  districts,  as  for  instance  in  Limerick  and  the  south  of 
Clare,  Mr.  Kinahan  and  Mr.  Foot  could  have  divided  the  Carboniferous 
limestone  into  three  or  four  subordinate  groups  by  lithological  charac- 
ters, which  were  constant  for  many  miles  ;  and  in  the  neighbourhood 
of  Dublin  Mr.  Du  Noyer  and  I  have  divided  it  into  two — an  upper  and 
a  lower  limestone.  None  of  these  subdivisions,  however,  have  any  more 
than  a  local  character,  and  none  of  them  are  supported  by  palseontological 
characters  depending  on  time,  but  only  by  such  as  depend  on  the  nature 
of  the  place  of  deposit. 

Coal-meaBures. — Over  all  the  south  of  Ireland  the  Carboniferous 
limestone  is  succeeded  by  a  series  of  black  shales  and  grey  gritstones 
or  flagstones,  containing  in  their  upper  portion  thin  beds  of  coaL  In 
all  probability  these  beds  represent  only  part  of  the  millstone  grit  and 
Yoredale  series  of  England,  and  are  consequently  of  older  date  than  the 
true  Coal-measures  of  the  British  type. 

The  Irish  Coal-measures  may  be  subdivided,  as  they  are  in  the 
ibllowing  section,  into  three  sub-groups.     These  sub-groups  are  recognis- 
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Section  of  the  Slievardagh  Coalfield,  County  Tipperary. 

Length  of  section,  about  1^  mile. 
h*  Black  shales  and  grey  grits  containing  nine  small  beds  of  coal 
&s  Flagstone  series  (grey  sandy  flags  with  black  shales) 
|>  1  Black  shales,  with  occattional  bands  of  thin  grit      .... 


a   Carboniferoufl  limestone. 
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mble  throughout  the  counties  of  Cork,  Limerick,  and  Clare,  Tipperary, 
<^eeii*8  County,  Carlow,  and  Dublin,  wherever  a  sufficient  thickness 
^  the  Coal-measure  group  comes  over  the  limestone.     The  lower  one. 


often  retemble,  *t  *  distance,  vast  fortresses  with  long  sloping  stone  glacis,  fh)m  which 
eortain-walls  riw  at  intenrals,  one  above  another,  till  they  terminate  in  a  small 
fBftadel  at  the  top. 
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V,  baa  •  *et7  iltitinct  awemblagn  of  fonb,  iriikb  •Inn  «<vU 
md  Mimietiines  in  the  gicttUst  profuaioa,  and  in  tlic  ivri 
•Ulc  of  {imetTktioti.      TheM  fowils  sre  the  taOamiug : — 


ATi^^pcdea  paprm'm 


Goiiiititc*  sphsHciu 
OrUuMvu  talsn 

SteinlAiuri 


KxpL  143,  G.  8. 1 
PfcilL  P*L  fte,t] 
M-Ony.  Cut.  fiiM,) 
Pliill.  G.  y..  I  It 
SuaberfccT)  Stfm,  I  It 
PliilL  a.  r.,  t  JI. 


The  flagstone  series,  I^,  »  eqimUy  charactiMJs«d  br  tndtcJi 
uiiuukU  (nioUiuctt  or  annelids),  aomctiiues  of  the  incBt  nM 
chanrter,  the  whole  rarface  of  large  «Ubs  being  a  nulttd  BiM 
long  toTtnonB  impression*,  indenlatioiis  du  tlieapper  «iii&9e,aii 
or  OMta  of  indeniatiinu  on  the  loires'  surfsFes  e>f  ihe  flajictatm' 
e  tabulate  the  proups  of  the  Carboniferous  fi>naatii>n 


a  the  wulh  iif  Ireland,  and  give  each  gtwup  iw 
re  shall  have  the  following  series  ; — 

1  e.  Shalt*,  «te..  vitb  eoci  . 
S.  C-oal-nieasuns.  (  b.   Flugstoiie  saiti  . 
I  a.  Lower  ahlleB 
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\*  mying  in  different  part* 


Slate.  (  a.  Do,,  villi  CooDiboU  grit 

Yellow  svuMone,  or  Vfyer  Oli  Bed  Sudstcee,  SOO  m 


Korth  of  Irdand. — In  the  north  of  Ireland,  according  to  ibe  m^ 
Sir  R.  Griffith,  the  Carboniferous  fonnatiou  is  ca[nble  of  still  W 
rabdivision,  and  consiBts  of  the  following  groups  : — 


2.   Cvul-masanK, 


CcnI-mcaEDm 

Millnona  grit 

Yoredale  bed*  (Ca  Fermaiiagh  +) 

[Forwanl] 


>f  ShecUia 


>*  ■[.  Bailj^  Pibrmitologial  Nolo.  In  tlw  SipUoUinn 
Id  141,  of  Gwh«i»l  Sam;  i^IntUiid. 

B  IjAWml,  FStnuMgli.  ud  TjmiBr,  Uku*  m  troB  repi™cnl»lirai  nt  On  Tm 
or  Englud.  u  well  u  of  the  UillMou  Gril  ud  Coi]-mfuai«.  IHi.  HalLI  n> 
u  Rockt  of  BttlTCuUe,  Co.  Anlrim.  mm  cooitdeml  bf  Mr.  Hull  to  tcho!  t 
tVpaiif  tkoH  (<  8aii«laiid.  ud  to  ba  the  irpnwniliitiTa  nf  tin  CailKniftniii*  LiBHUii 
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Feet 

Feet 

[Brought  forward] 

8000 

f  Upper  limestone      .        .         .         . 

600 

Upper  calp  shale     .         .         .         . 

800) 

Carlxmiferons 

Calp  sandstone        .         .         .         . 

800j. 

Ldmestone. 

Lower  calp  shale 

600J 

Lower  Limestone    .         .         .         . 

800 

,  Lower  limestone  shale 

100 

2700 

Yellow  sandatone 

• 

500 

6200 

The  principal  differences  between  the  north  and  south  are  in  the 
velopment  of  thick  sandstones  in  the  lower  part  of  the  Coal-measures 

the  north,  forming  a  group  like  the  Millstone  Grit  of  Derbyshire, 
d  the  separation  of  the  Carboniferous  limestone  by  the  development 

a  set  of  shales  and  sandstones  called  '*  the  Calp**  in  its  central  por- 
)iiy  and  the  entire  absence  of  the  Carboniferous  slate  group.  The 
al3  also  in  the  upper  part  of  the  Coal-measures  are  good  coals,  of  the 
Aracter  called  bituminous,  while  those  of  the  south  of  Ireland  are 
ore  anthracitic.  The  Carboniferous  series,  as  thus  described,  may  be 
en  in  the  counties  of  Leitrim,  Fermanagh,  and  Armagh. 

The  changes  which  take  place  in  the  Carboniferous  Limestone  by 
e  introduction  of  shales  and  sandstones  as  we  proceed  from  the 
ntral  parts  of  Ireland  northwards  are  of  a  similar  character  to  those 

be  observed  in  the  case  of  the  same  formations  in  England,  and  are 
obably  due  to  similar  causes.  In  each  case  it  will  be  observed  that, 
th  the  introduction  of  truly  sedimentary  beds,  there  is  a  proportionate 
crease  in  the  thickness  of  the  limestone  beds  themselves. 


ONTEMPORANEOUS  VoLCANIC  RoCKS  IN  THE  CARBONIFEROUS  SYSTEM 

OP  Britain. 

^  The  base  of  the  Carboniferous  series  in  Cornwall  and  South 
tvon  is  marked  by  the  occurrence  in  it  of  sheets  of  trappean  ash  and 
crystalline  amygdaloidal  greenstone,  similar  to  the  igneous  masses 
long  the  neighbouring  Devonian  rocks.  The  ash  is  sometimes  coarse 
d  full  of  fragments  of  cellular  trap,  as  in  the  conspicuous  hill  of 
ent  Tor.  In  describing  the  rocks  of  that  locality.  Sir  Henry  de  la 
che  pointed  out  the  remarkable  resemblance  of  the  Brent  Tor  to  a 
[cano,  and  the  probability  that  the  ash  and  greenstone  were  erupted 
er  the  sea-bottom,  where  they  became  interstratified  with  the  ordi- 
ry  marine  sediments.* 

"  In  the  centre  of  England  the  well-known  toadstones  of  Derby- 
re  indicate  intennittent  volcanic  activity  during  the  formation  of  the 

*  De  la  Beehe,  Devon  and  Cornwall,  p.  122. 
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Caiboniferoos  Liiiiestone.  They  consist  of  three  piindjMl  beds  of  tap, 
sometimes  compact  and  dark,  approaching  basalt  in  textozey  but  osoaDf 
more  earthy  and  highly  amygdabidaL  These  beds  avenge  each  about 
60  or  70  feet  in  thickness,  and  preserve  their  courae  for  maii^  niltf 
between  the  strata  of  limestone.  Mr.  Jokes  has  iKxinted  out  that  ead 
of  them  is  probably  the  result  of  not  merely  one  eniptioin,  but  ntiiff 
consists  of  different  flows  proceeding  from  distinct  vents,  and  nnitiDg 
into  one  sheet  along  a  common  floor.  *  This  concliiBion,  he  says, '  va 
confirmed,  in  1 86 1 ,  on  visiting  Buxton  with  the  eminent  Swiu  geok^gisli) 
Messrs.  Escher  and  Merian,  and  their  companion  M.  Stdhr,  when  the 
railway  cutting  a  little  below  Buxton,  down  the  valley  of  the  Wye,lliii 
open  the  toadstone,  with  the  limestone  above  and  below  it  Two  solid 
bedd  of  toadstone  were  exposed,  proceeding  firom  opposite  ends  of  Ab 
cutting,  towards  each  other,  but  not  overlapping,  with  beds  of  pmpk 
and  green  ash,  greatly  decomposed  into  clay,  both  above  and  below  eael 
bed,  and  between  the  two,  the  whole  forming  a  rather  irr^ular  con- 
posite  accumulation,  with  a  total  thickness  of  about  50  feet' 

''  Farther  north  the  counties  of  Durham  and  Northumberland  are 
traversed  for  many  nules  by  interpolated  sheets  of  basalt-rocks,  of  whidi 
the  most  important  is  known  as  the  Great  Whin  SilL  It  does  sot 
appear  that  these  masses  have  yet  been  investigated  in  such  detail  is 
to  indicate  how  far  they  may  be  actually  contemporaneous  with  the 
Carboniferous  Limestone  series  in  which  they  occur. 

"  Passing  into  Scotland,  we  find  the  Carboniferous  formations  of  the 
broad  midland  valley  full  of  the  most  striking  evidences  of  volcanic 
activity.  From  the  very  bottom  of  the  system  up  to  at  least  the  top 
of  the  Carboniferous  Limestone  series,  volcanic  rocks  of  many  varietiei 
abound.  In  the  west,  great  sheets  of  different  porphyrites,  with  inte^ 
bedded  tuffs,  sandstones,  and  conglomerates,  lie  in  the  lower  part  of  the 
formation,  and  rising  in  broad  masses,  bed  above  bed,  form  that  cod- 
spicuous  chain  of  terraced  heights  which  stretches  from  near  Sdrliog 
through  the  range  of  the  Canipsie,  Kilpatrick,  and  Renfrewshire  lA 
to  the  banks  of  the  Irvine  in  Ayrshire,  and  thence  westwards  by  the 
Cumbrae  Islands  and  Bute,  to  the  south  of  Arran.  In  the  easteiA 
districts,  instead  of  such  wide-spread  sheets  of  volcanic  rock,  the  Ctf* 
boniferous  series  includes  hundreds  of  minor  patches  of  tuff,  bswlt- 
rocks,  and  porphyrite.  The  area  of  the  Lothians  and  Fife  seems  t0 
have  been  dotted  over  with  innumerable  little  volcanic  vents,  breakov 
out  and  then  disappearing  one  after  another  during  the  lapse  of  the 
Carboniferous  period  up  to  about  the  close  of  the  Carboniferous  lime- 
stone, t    The  very  limited  area  occupied  by  the  erupted  material  is  ofis 

*  Manual  of  Geology,  2d  edit,  p.  623. 
t  See  MacLaren'sFiTe  and  the  Lothians;  Mem.  GtcL  Swrve§;  "CtoologyorKei^UMVklrf 
Of  Edinburgh/'  Trans,  Jtoy.  Soc  Edin.,  toL  zxiL  p.  044. 
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remarkable.  A  mass  of  tuff,  a  huiidred  feet  thick  or  more,  may  be 
found  intercalated  between  certain  strata,  yet  at  a  distance  of  a  mile 
or  two  the  same  strata  may  show  no  trace  of  any  volcanic  material 
Nowhere  is  this  feature  more  wonderfully  exhibited  than  in  the  coal- 
field of  Dairy,  in  the  northern  part  of  Ayrshire.  The  bkckband 
ironstone  of  that  district  appears  to  have  been  deposited  in  hollows 
between  mounds  and  cones  of  volcanic  tuff,  sometimes  600  feet  high, 
round  and  over  which  the  later  members  of  the  Lower  Carboniferous 
formation  were  deposited.  Hence  the  shafts  of  the  pits  are  sometimes 
sunk  for  100  fathoms  through  the  tuff,  and  at  that  depth  mines  are 
driven  horizontally  through  the  volcanic  rocks  to  reach  the  ironstone 
beyond.  In  other  districts  the  interstratification  of  beds  of  tuff  and 
sheets  of  basalt  and  dolerite  (melaphjn^)  amongst  highly  fossiliferous 
limestones  and  shales  presents  many  points  of  interest.  In  this 
respect  the  range  of  the  Linlithgowshire  hills  is  specially  deserving  of 
study. 

'^  The  great  Carboniferous  Limestone  series  of  L^land  contains 
evidence  that  here  and  there,  at  various  intervals  during  its  formation, 
minor  volcanic  vents  were  active  on  different  parts  of  the  sea  bottom. 
In  the  county  of  Limerick  masses  of  trap  1200  and  1300  feet  thick, 
with  well-marked  ashy  interlacings,  lie  among  the  limestones."  * 

Characteristic  Fossils. 

A  list  has  been  already  given  of.  the  characteristic  fossils  of  the 
lower  part  of  the  series  in  Ireland.  Some  of  the  fossils  there  men- 
tioned, however,  are  not  restricted  to  that  part,  but  occur  throughout 
the  Carboniferous  series,  and  will  be  mentioned  again  in  the  following 
list.  One  general  characteristic  of  the  formation  is  the  abundance  of 
plants.  These  occur  throughout,  and  are  not,  I  believe,  characteristic 
of  one  part  of  it  more  than  another,  except  that  they  are  found  in 
shales  and  sandstones,  or  the  washings  of  the  land,  rather  than  in  lime- 
stones, the  product  of  the  ocean.  It  does  not  appear  that  there  is  any 
essential  difference  in  Scotland  between  the  plants  found  with  the  coals 
at  the  base  of  the  series,  and  those  found  near  the  top,  some  species 
being  locally  peculiar  in  each  case,  but  occurring  in  other  beds  in  other 
places.  Similarly,  although  the  marine  shells,  etc.,  are  found  princi- 
pally in  the  limestones,  as  might  be  expected,  yet  they  are  found  occa- 
sionally in  the  shales  and  sandstones  in  which  coals  occur,  together 
with  other  shells  that  look  something  like  fresh-water  shells,  but 
nevertheless  may  be  marine. 

*  See  Mem.  OeoL  Survey  Ireland ;  Explanation  to  Sheets  148,  144,  153,  and  154.  The 
Above  account  of  British  Carboniferous  volcanic  rocks  is  from  the  Editor's  Address  to  the 
Geological  Section  of  the  British  Association,  1807. 
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The  different  Ei8eembli^<s  of  fotdla,  therefore,  found 
parts  of  the  Carboiiiferoas  serie*,  nuj  be  onlj  loetUy 


".  Caliuillu  uncKfarmli.  e.  StgHIniii  imlfnnnlL 

b,  -V]<rtUoi>ltrri'i  lonchLtici.  d^  Lepldodcadtitb  otcsu^ 

r.  BlIgmuiA  flcoldea. 

those  parts,  Ikeir  limitation  depundinf;  on  the  nature  of  the  "itai 
in  wLIch,  uud  oot  upon  the  time  during  which,  thej  lived. 

PlanU       .     .     Alcthujiteris  loni'hiticiL  (Fem) .  Fow.  gr.  15,  b. 

,  .        .    11,.  1,  I  Liuill.  und  Hutton,  foa 

Aetfrophjllltes  graDiUs    .         .       j      t  17,  t.  m.  figTs. 
Jbid,  Uii,  eg.  1. 
Fou.  gr,  15,  a. 
F™.  bt.  15,  A 
I  Linil.  Uiitt.  fou.  dor.,  L  % 
i      and  I.  163. 
Ihid.  t.  G2. 
Fob.  gr.  15,  c 
1  LiDd.  ud   HntL  Am. 
i      Llia. 


LeiiiiioBlrolnis  oruatus 


Slilimiuiitvri*  lotffolik  (Fera)   , 
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Stigniink  (nioti  md  raotlste)  . 
Ampleznj  eonlloidta 

Lithmtnitiou  affiM 


ActinocrfDiu  trucopUdactrliu 
ArcliKoeidaru  Urii 
CyatLuerimu  etlcazatoM  . 
FalBchimu  ■ptuericiu 
PenttemiUi  Derbieoiu   . 
FU^crianj  levij   . 
FotenocHnu*  gTiiiiiilofnu 
Bbodocrinna  buru 
Spirorbis  carbonarina 
Bcliunnu  Regiaa   . 


Pon.  gr.  15,  t. 
FcM>.  gr.  16,  b. 
Fob.  gr.  16,  c. 
Fam.  gr.  IS,  a. 
T«b.  View, 
j  PbilL  G.  Y.  ud  Pd.  ton. 
T«b.  View. 

M-C.  Cu-b.  foB.,  t  27. 
Tab.  View. 
Foaa.  gr.  IS,  h. 
Foaa.  gr.  18,  e. 
Fan.  gr.  18,  a. 
PhilL  O.  Y.  2,  t.  i. 
lt>id..X-  ■*,  fig.  24,  26. 
Lv.  Man.,  fig.  546. 
Eipl.  ah.  137,  0.8,1. 
L7.  Han.,  fig.  ei7. 


1.  Iflchelinla  taToaa. 
i.  Anplena  eonlloli 
E,  Utboatntloo  afOn*. 


lUhasUU. 
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lict 
DUhfcocaria  Colei . 
Qrifflthidu  gloUcepi 
PhilllpiU  poatnlftU 
Athrria  plantMOlcaU 
Diadna  nitida 
Orthii  reaninnaU  . 
FrodDcU  acnleaU.  soabriculk, 

lUiTOchannUB  BCQiiuiiBti 

plenrodon 

Bpiriten  ciupiilaU 


Port.  G.B.,  t  11 
Tf>id.,Sn. 
Fon.  gr.  IS,  d 
tU  'Coy,  Carb.  ton,  t.  31.  fift 
PbUL  Q.  y„  t  II,  fig.  la 
Fan.  gr,  17,  a. 
:.   PbUL  O.  Y. 
Fd.  gr.  19,/. 
Tab.  Vi«w. 
Fo«.  gr.  H.  ft. 
Pom.  gr,  14,  a. 


JLji 


*  BnckldDd'a  BridftwaUr  TVcoHk. 

t  Phmipi'iCa>lDnit/->-grM(niMdf'aIa>)wf«FMrib,'*DdM'Coj'aO«tn^|lrau/'M>> 

pnblMMd  br  Sii  a  Oiiffltb. 
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lehiapoda  .     SpiriToa  gUbm 


Teiebntala  hutata 
ATicnlopectan  pupjnwon* 
OardiomoTpha  oblonga    . 
Plearorhjmchiu    (Coiiocardiani) 

PoaidoDomja  Bedisri 
EaomphiliiB  p«ntuigaUtiu 
Loionams  LefebvreL 
HacTochciloa  ovalu 

Natica  ellipliisa 
Patella  macTDnata  . 
Plenrotmnaiu  oarisats    . 


Tab.  View. 

PhiU.  O.  T. 

Fosi.  gr.  Ifl,  e. 

Foaa.  gi.  16,  d. 

Fosa.  gr.  17,  b. 

Pou.  gr.  17,  e. 

Fosa.  gr.  17,  d. 

Tab.  V.  and 

Ly.  Man.,  flg.  684. 

Foaa.  gr.  17,  e. 

De.  Koninok.  PL  41,  flg.  7. 

M-ay,  Carb.  foaa. 

PUll  G.  T.,  t  14.  Kg.  M. 
PhU:.  Q.  T.,  flg.  3. 
Phill.  O,  Y.,  t  IE,  flg.  1. 


FomU  Omnp  Mo.  18, 
Caibonlfsreua  INiaaUa. 

d.  Fhllllprta  I 
6,  FalKblnoa  apherlcqa,  e.  Kiulilnilil 

c.  Paatmnltaa  Darbluuli.  /  OonlatlUa. 

(,  Crrtoctiaa  OamsiL 
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■  PuIol 

AdtiBoceni  gigmntaom 

C^FTtoOMM  Vernciiilluiinii 

0«Bnffl. 

OoDUtdtM  Listeri   . 

HauUliu  Uiuigulitiu  (oi 
Orthoceni  SteuilitaBri 
Futnkiaaraa  tOiifoTOM 
Cladodni  ■brUtni   . 

Cochliodiu  caatntiiu 
CUnacatithiu  bmii. 
Dlplodut  gibboam  . 
Bbiiodni  Portlockii 

Hibbertl 

Orodni  rupoeoa 
Pcsdlodiii  Jonedi . 
PMmmodiu  poriMiu 


IUkVIbw. 
roM-ir.  17./ 

O.  Y.  ^  t  M. 


Foit  gr.  18.  g. 
?0M.  gr,  18,/. 
Tab.  View. 
iittu)    Fm.  gr.  18,  «. 

HriU.  O.  y.  2.  t  21. 

FoM.  gr.  19,  a. 
Foo.  gr.  10,  iL 

Foa.  gr.  IS,  A. 
FoM.  gr.  IB,  =. 
\JJ.  Hu.,  1^  »6. 
Fas*,  gr.  19,  g. 
t<m.  gr.  1»,/ 
Fo»gr.  IB... 


CubonLTuDiu  FUh  TBOtli. 


d.  CocbUodiu 


/    PwiilodlU  JtBlHlj. 

^  IHpla<fau  gibbonu. 
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onto) 


Anthracosatmis  Russelli . 

Q.  J.G.S.,  ToL  xix.  p.  M. 

Loxomma  Allmanni 

Ibid., 

voL  xviii. 

Pholidogatter  pLscifonnis. 
Heraterpeton  Galvani 
UrocordyluB  Wandesfordii 
Lepterpeton  Dobbsii 
Ophiderpeton  Brownriggii 
Dolichosoma  Emmersoni 

Trans.  R.  I.  Ac,  voL  xxiv 
Ibid. 
Ibid. 
Ibid. 
Ibid. 

Ichthyerpeton  Bradleye 
Erpetooephalus  nigosui  * 

^a 1 ^ ^'Aj 

Ibid. 
Ibid. 

.EER. 

ME 

8IEN. 


Foreign  Iiooalities. 

i  continent  of  Europe  the  development  of  the  rocks  of  this  period  is  gene- 
ior  to  that  observable  in  the  British  Islands.  Having  learnt  the  succes- 
e  beds,  and  their  organic  remains,  however,  in  oar  own  country,  we  are 
>  trace  a  corresponding  order  in  other  parts. 

m. — According  to  Mr.  Domont — 

MP  ) 

>  i.  Alternations  of  "  ampelite"  (sandstone),  shale,  and  coal. 

(Z.  Crinoidal   limestone,    dolomite,  produdUa-lxmoRUme^  with 
I  chert  and  anthracite. 

-{  2.  Grey  sandstone,  soft  sandstone,  and  anthracite. 

1.  Grey  shales,  calcareous  shales,  dark  limestone,  and  pisolitic 
L  iron  ore  (oligiste). 

lants  of  No.  4  correspond  to  those  of  our  Coal-measures.  The  laiige 
and  other  fossils  of  No.  3  correspond  in  the  main  with  those  of  the 
*ous  or  Mountain  Limestone  of  the  British  Islands.  The  lowest  division, 
ntains  SpirifertBy  Cyathophyllwm,  mitratumy  Pleurototnarias,  and  other 
nd  also  in  the  lower  divisions  of  Northumberland  and  Scotland. 
»alfteld  of  Liege  has  long  been  celebrated.  The  rocks  in  that  neighbour- 
about  Namur,  seemed  to  me  greatly  to  resemble  those  of  the  south  of 
he  C!oal-measures  being  apparently  affected  by  slaty  cleavage,  thick 
oas  Limestone  appearing  below  them,  with  still  lower  beds  resembling 
aiferous  slate. 

;  has  Coal-measures  in  the  coalfields  of  Valenciennes  in  the  north,  which 
tern  continuation  of  that  of  Belgium,  and  is  covered  towards  the  west 
tably  by  the  Chalk ;  and  also  in  the  southern  coalfields  of  St.  Etienne, 
other  smaller  districts.  Much  of  the  lower  part  of  the  formation,  how- 
ists  of  clay  slate,  and  altered  rocks,  which  were  at  one  time  taken  for 
'.T  formations.  Sir  Roderick  Murcluson  showed  that  the  slate  rocks  of 
near  Vichy,  pierced  by  syenites  and  porphyries,  were  in  reality  Carbon- 
'.ks.'f' 

liferous  rocks  occur  in  Rhenish  Prussia,  having  an  area  of  about  900 
les  ;  Westphalia,  north-east  of  Dusseldorf ;  Bohemia  and  Silesia,  which 
te<l  from  each  other  by  the  Silurian  and  Devonian  rocks  of  the  Riesen 
in  Rossia,  Spain,  and  Portugal.  X 

bove  seven  genera  of  Labyrinthodont  Amphibia,  from  Jarrow  Colliery,  County 
irere  described  by  Professor  Huxley  in  1806,  and  are  figured  in  the  Tran9actions 
I  Irish  Academy f  voL  xxiv.    Three  other  genera  are  mentioned  as  occorring  at  the 

T- 

Joum.  GtoL  Soc,  vol  viL  p.  13. 
descriptions  of  these  coalfields  are  given  in  Hull's  Coaifidd$<ifOrtai  BriloAn. 
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syitem  nmy  be  divided  m  foUowB 

(  Z.  QrfffaK  utd  reddish  saodflone  and  shmlea,  wltfa  li^  of  »■ 

Uffib  Obouf.  \  glomente,  uid  ■  few  tlUn  bedi  of  HiiMBtoiM  nd  nL 

L  3000  feet  and  more. 

UmDUt  OR      (2.  Grer  >nd  dirk-colouredunditoiiaaiid  ■hiba.Ti&ndM' 

Qiiov  CuAl.     J  brown  bedi,  coal,  ironatoue,  and  bitnmliioos  UnaMW 

Gbodf.         (  woo  feat  and  more. 

LoWEti  OR       1  1.  Red  aad  grey  aandslonea  and  eonglonieratea,  and  nd  wl 
GTrairEBODB    <  green  Diarli  and  ihslei,  with  thick  beds  of  gfgtam  lat 

Ohuuf.         (  linieatone.     6000  feet  and  more. 

The  fossils  of  Mo,  I  conAut  of  PrvdueOc,  TertbrattUa,  EncrinitBi,  and  Cgolh 
etc.,  in  the  liineatoDea,  manf  analagoas  to,  and  aome  eren  identical  with,  tboM' 
the  Carbonlferoai  limHtdne  of  Britain.  Scaln  of  HoloptyMui  and  flifaw'— 
have  alw)  been  diacorered.  Lepidotlendroii  and  oUier  plaata  occnr  ta  tkl  lai- 
atones.  In  No.  2,  Stt^pnana,  HigiliaTia,  and  other  genera  of  planta  ecnrk 
abnndante,  genarlcaily  irlentical  witb  thoae  of  oat  Coal-measarea ;  Cj^ria,  Mtii^ 
a  land-ahall  (Papa),  the  oldest  ur-breathing  moUiuic  yet  known  ;  Ganoid  iA,  N^ 
three  speaies  of  Heptiles  also  are  known,  apparently  of  terrestrial  apedo.  Is  Kk 
3,  Calunites,  Perns,  and  Coniferoas  wood  are  fonnd. 

Altogether  there  in  a  thickneas  of  more  than  If.OOO  feat,  without  raachingnf 
exact  baie,  or  uriTlng  apparently  at  the  very  highest  beds  of  the  "  ~ 

are  seventj-sii  beds  of  ajal,  of  which,  however,  roost  are  only  one  or  two  iidM 
thick,  althoagh  one  seam  sunlc  through  by  Mr.  Henry  Poole  at  the  Allnan  KiM 
Pioton,  was  found  to  >ie  about  forty  feet  thiclc*  Some  of  the  bedi  _.  „.  ., ' 
conaiHting  of  sandatonm  with  vari^uted  mnrls  and  gypsum,  and  a  few  bedsoItMl 
were  seen  formerly  by  myself  in  Newfoundland,  on  the  south  ahoTo  of  8L  Qtap'l 
Bay,  and  at  the  northern  eitremity  of  the  Grand  PunJ.'f 

Uniltd  Stata, — Profetitior  Kogera  has  grouped  the  Carboniferona  rocki  of  ft 
United  Btattn  aa  under  :■ — 

Cosl-meiuares,  altemationB  of  Sanditones,   shslee,  and  at^ 

lilie   BToupe    2   and    S    of   the    Nora    Scotia    district,  M 

thinning   ont   westward,    bo   as    to   be   only   5000  f«l  ■ 

Pennsylvania,  ISOO  in  Ihe  Illinois  Basin,  and  not  nKntli>* 

^        1000  in  lown  and  tiisBouri 

In   Pennsylvania,  sort  red  shales,  ami  argillaceotu  red  a 

stones,  3000  feet. 
la  Virginia— 

c  Blue,  olive,  and  red  calcareous  shales,  with  thick  red  u^ 

brown  sandstone. 
b.  Light  hlae  limeatone^  sometimes  oolitic. 

a.  Buff,  greenish,  and  red  shales,  with  aandatone. 
ToUl  IhickneM,  3000. 

In  the  Western  States— 

b.  Grey  and  yellow  sandstone. 
n.  Light  blue  and  yellow  limeatons,^  1000  feet. 

White,  grey,  and  yellow  sandstones,  illemaling  with  o_ 
tilicGous  conglomerates,  and  dark  bine  and  olive^dssil' 
slates.  In  Gome  plices  contains  black  carboDaccoui  dA 
Olid  a  be.1  or  two  of  coaL  2000  feet  thick  to  FmnajlTttB, 
thinning  oat  to  nothing  in  the  north-weet. 

ianGrolim,  I  Jnif*' Sepori  n  Cmian  o/ NcmfaumHi^ 

limesione  mentioned  above  IhlckaoB  (ewaida  the  ■oatli.wait,  aad  iM 

ut  In  Pcnujlvanla. 


!.  Middle 

CABBONlFSnOCS 


I.  Lower 

Carbomfehoch 
GBocr. 
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le  fossils  in  group  No.  1  are  said  to  be  coal  plants  in  some  parts,  and 
e  remains,  crinoids,  and  molluscs,  in  others.  Those  of  No.  2  are  like  those 
K  1  of  the  Nova  Scotia  district,  generically  identical  with  the  fossils  of  the 
iniferous  limestone  of  Britain.  Those  of  No.  3  are  in  like  manner  coal 
B,  belonging  to  the  same  generic  forms  as  the  British,  but  with  many  local 
»ec>n1iar  species.  The  marine  beds  contain  corals,  shells,  and  fishes,  and  the 
■1  beds  show  the  tracks  of  reptiles  of  the  order  Labyrinthodontidse. 
mdia. — Several  large  and  important  coalfields  exist  in  India,  as  those  of 
>odali,  Talcheer,  Nagpur,  and  others.  There  is,  however,  much  doubt 
Iser  these  are  really  of  the  Carboniferous  period,  since  they  contain  fossil 
•  of  the  genera  Pecopterisy  Olossopteris,  Vertebraria,  PhyllothecOy  etc., 
m   are  believed  to  be  rather  of  Triassic  or  Oolitic  age  than  of  the  Carboni- 

i^ittraUa. — There  are  large  formations  in  Australia  which  are  certainly  of 
ir  Palaeozoic  age,  consisting  of  sandstones,  shales,  and  limestones,  containing 
I  of  the  genera  ProductOy  SpirifercLy  LeptoenOy  OrthonotOf  Pecteriy  Pterinea, 
n^^damusy  Platyschismay  BeUeroplumy  Canularioy  stems  of  crinoids,  a  small 
bite,  etc.  etc.  Associated  wil^  these  rocks,  and  apparently  forming  the 
r  part  of  them,  are  other  shales  and  sandstones  of  precinely  similar  character, 
aining  good  beds  of  coal,  and  having  fossil  plants  of  the  genera  OloMopteris, 
dopttrisy  PecopteriSy  Pkyllothecay  Vertebrarioy  etc.,  precisely  like  those  of 
dU  These  coal-bearing  beds  are  accordingly  believed  by  some  persons  to  be 
ttQch  later  date  than  the  beds  below  them,  which  contain  palaeozoic  genera  of 
Bal  remains.  I  certainly  could  see^no  reason  myself,  in  Tasmania  and  New 
Hi  Wales,  for  introducing  any  separation  among  these  beds,  which  seemed  to 
■ill  part  and  parcel  of  the  same  great  formation  of  pale  sandstones,  separated 
iAales,  and  containing  calcareous  beds  in  the  lower  part,  and  coal  beds  in  the 
Idle  -part  of  the  formation.  In  New  South  Wales  the  beds  are  all  nearly 
Bttntal,  and  the  section  quite  clear,  as  described  by  myself  in  a  paper,  of 
Uli  the  following  is  an  abstract.  + 

ikrk  brown  shales,  with  impressions  of  plants    .  .  J        ,  more. 

Bydney  sandstone,  thick  white  or  light-yellow  sandstone,  with  J  ^^^  -    , 
quartz  pebbles  occasionally,  and  partings  of  shale  .  ( 

Alternations  of  shales  and  sandstones      ....     400  feet. 

Bbales  containing  two  or  three  good  beds  of  workable  coal,  6  feet )  200  to  300 
thick  .  .  .  .  .  .  .  feet. 

Wollongong  sandstones,  thick  dark -grey,  reddish-brown  often  cal-  400 

careous,  with  large  calcareous  concretions       .  .  .  (  and  more. 

Tliis  is  only  a  part  of  the  series,  as  there  may  be  beds  below  No.  1,  and  others 
ve  No.  5. 

The  characteristic  fossils  of  No.  1  are — Stenopora  crinitay  Produ^ta  rugatay 
ri/era  subradiaiOy  S.  Stokesiiy  AvicuUiy  Pachydomusy  OrthonotOy  Pleurotomariay 
leropkoTiy  etc.  Those  of  No.  2  are — Olossopteris  BrovmianOy  Vertebraria 
I»ca,  Pecopteris  australiSy  Phylhtheca  awttralis.  There  are  fish  said  to  have 
1  found  by  the  Rev.  W.  B.  Clarke  in  No.  3  or  5,  together  with  fragments  of 
its.  No  fossils  have  yet  been  found  in  No.  4.  The  same  observer  has  written 
jely  on  the  structure  of  this  country.  4!     He  proposes  the  names  of  Hawkes- 

8ee  papers  by  Or.  T.  Oldham,  Mem.  Gtol.  Survry  India,  vol.  i. :  and  by  Sir  C.  Bunbury 
mart  Joum.  Gtol.  5oe.,  vol.  xviL  ;  Hislop  on  Indian  Plaut-beds,  op.  cit.  vol.  xi. 

See  OMort  Joum.  Gtol.  Soc.y  vol  ill. ;  also  Sketch  0/  Phy».  Structure  of  Australia— 
as. 

Qwurt.  Jowm.  Gtol.  Soe.,  vols.  iv.  viii.  xvii.  xviii.  xxii.,  and  in  sepamle  pt\\A\<ia.\.\otv%. 
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Imry  Sandstone  for  thn  group  So.  i  of  tlie  »boTe  sertioD,  Mid  Wai«n»in«ll»  ffluls 
fnr  group  No.  5.  Tbe  city  of  Sydney  utanda  opO  bids  mliont  tile  junction  rf 
6,  so  Uiit  the  coal  bcila  of  Haater's  River  ud  Illnwam  lie  un^emMtfa  it 
depth  of  ab"nt  ISOU  felt.  Mr.  Clwke'i  WaLanuDBttA  thftles  form  the  taiUir- 
Tank  of  ths  gnn  part  of  the  cnunty  of  Cumberluid,  the  8f  dne;  or  Hntristberj 
■uiditona  cropping  out  til  ninnd  it,  both  &1ang  the  cout  &nd  in  t^  Blu  Mmbi- 
Uln  mnge  in  th«  interior.  Mid  the  ooala  are  everywhere  found  ■  litUe  btloi  Ii> 
hoH  of  (his  unditiinf,  lioth  on  the  unutli  at  niBwirrs,  on  the  nortli  it  DaDUr'i 
River,  and  in  the  ^lliea  of  the  Blue  Mountains,  aooording  to  Cniint  Stneltdo. 
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the  examination  of  the  great  series  of  British  rocks,  a  hu^  group 

reddish-coloured  sandstones  and  marls  is  met  with,  lying  above  the 

^niferous  rocks,  similar  in  general  aspect  to  those  which  lie  below 

HL    These  red  sandstone  groups  were  called  the  Old  and  New  Red 

idstone.     Under  the  term  *'  New  Red  Sandstone  ^  were  included  all 

t  led  strata  lying  between  the  Coal-measures  and  the  lias.     The 

snsity  for  separating  these  strata  into  two  distinct  parts  was  recog- 

4ed  by  Sir  R  I.  Murchison.     This  separation  has  indeed  been  made 

wide  as  to  class  the  two  parts  in  different  epochs,  the  one  forming 

9  uppermost  of  the  Palaeozoic,  while  the  other  forms  the  base  of  the 

atozoic  series. 

North'  West  of  England. — The  Permian  beds  of  Lancashire  consist 

^^hree  members — 1.  The  Lower  Red  Sandstone  ;  2.  Red  Marls,  with 

sOiferous  and  thin  magnesian  limestones ;  3.  Upper,  or  St.  Bees 

■idstone.     The  first  has  been  estimated  by  Professor  Harkness  to 

^n  at  Penrith  a  thickness  of  about  3000  feet  ;  and,  as  shown  by 

!^.  Binney,  is  well  developed  at  Manchester,  and  along  the  southern 

O^gin  of  the  Lancashire  coalfield.     The  second  beds  were  first  referred 

Mr.  Binney  to  the  Permian  series,  as  they  contain  fossils  of  the 

^«ra  SchizoduSy  BaJhevellia,    Tragos^  etc.*     The   third    member,  so 

^7  developed  along  the  cliffs  of  St.  Bees'  Head,  has  been  referred 

Sir  R.  Murchison  to  this  formation,  though  formerly  considered  to 

^f  Triassic  age. 

Durham  arid  the  North-East  of  England, — Professor  Sedgwick  de- 

iT)ed  the  rocks  of  Durham  as  follows : — t 

Feet. 

6.  Red  gypseous  marls  .......  100 

5.  Thin  bedded  grey  limestone         .....  80 

i.  Red  gypseous  marls,  slightly  saliferous                           .  200 

3.  Magnesian  limestone  .......  500 

2.  Marl  slate 60 

1 .  Lower  red  sandstone  .......  200 

Mem.  Lit.  and  Phil.  Soc.  ManctiaOer,  vol.  xii. 
^    Tratfu.  Gtol.  Soe.  vol.  iii.    See  also  the  vol.  of  the  PaUcoutograpbical  Society  on  Per- 
1^  FoMila,  by  Profe««or  W.  King,  1848  ;  and  an  excellent  paper  on  the  Puroilan.  ivm:.Va  vA 
1*  Yorkshire,  by  Mr.  Kirkby,  Quart.  Joum.  GeU.  Soc,  voL  xvU. 
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Of  thcM,  No.  1  u  the  tame  u  the  BotWtodte-liegends  cf  Oobb?; 
No.  2  in  identical  with  the  Knpfer  Schiefer,  oontainiug  maaj  d  tbt 


ume  peculiar  epecieB  of  fiah  ;  and  the  beds  above  msj  be  eqiuUf 
paralleled  with  the  Zechsteio  and  Banter  Schiefer. 

1.  The  Iiower  Bed  Bandstone  ia  a  veiy  irr^tilar  depoHt,  1^ 
unconformably  oh  thu  Coal-meaaureB,  and  in  hollows  eroded  in  th* 
Burface.  Nevertheless  it  contains  plants  of  the  same  species  as  tlujw* 
the  Coal-mcasure«. 

S.  The  MbtI  Slate  is  a  brown  indurated  fissile  shale,  with  iM*' 
sional  beds  of  thin  compact  limestone, 

CharacUriitie   Fouiit. — Pianla  :    Neuropteria    Huttoniana  ;    Caulerpita 

Brachicpoda  ;  Linguls  raytiloides  ;  Disoiua  nitida  ;  Prodncta  ind  Spirifa 
FiA  !  PmtKoniscuB  elegans,  P.  comptUB  (Fobs.  gi.  20  «),  P.  gUphyrua,  etc  ;  Wf 

Bomus  macrurua  ;  ACTokpis  Sedgwickii  ;  Pygoptaru*  nuodibulaiii,  rttl 

CkelncBDthiu  graualnBm  (Foaa.  gr.  20,  b). 


PERMIAN    PERIOD. 


3.  The  Macnaaiui  Umeatone  ia  a  singuUrtj  diversified  mau  of 
aestones,  Bometimea  compact,  at  othen  ciyatatline,  brecciated,  earthy, 
>bular,  oolitic,  cellular,  etc  ;  aome  beds  like  piles  of  cannoa  or  mua- 


D.  SrnoclAdU  vtrgulacH, 
b,  FgneBleUa  ntlformu. 

horridn. 
d^  CuDftiopboriA 

*t  balls,  others  like  bunches  of  grapes,  etc ;  some  very  hard,  somi 
site  friable,  some  thia  and  flexible.  General  colour  shades  of  jellow 
nnetimeB  red  and  browu. 

Ita   characteristic   fossils  are   numerous,  the   following    being   i 
ilected  list: — 


IokU. 


Voltiia  PhiUipaii  .         Lind.  Fou.  fla.  19S. 

Polyiwlift  profundii    ...  Pal.  Soc.  King,  uid  Ed. 

FeneslfilU  plebei*  (relifonnii)      .  Foe*,  gi.  21,  b. 

Brsocladik  viigulscra  .         Fose.  gr.  21,  a. 

ThunniscuB  diibius     .  Kiag,  Per.  fosn. 

CMnarophoria  crQinen»  (Schlotheimi)  Foaa.  gr.  21,  d. 
Products  horrid*  .  Foaa.  gr.  21,  e. 

Bpiriferina  criaCata     .  *KJDg,  Per.  fon. 

•  Klsg'i  Parmlati  F-Miit.  PmL  Boc. 
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.     SlTOph«lo.U  Goldfu«ii 

King,  Pftr.  fo«. 

.     UoddUa  (AtIcuU}  speluntaria 

JWrf. 

Aiinus  ubacuruB 

Ibid. 

lUd. 

BukgrsUia  mtiqua     . 

Fo«.  gr.  ai,  (. 

C»fdiomun.li»  niodioUforaiis 

King,  Per.  foH 

Pom.  gt.  21./ 

Sohiiixlm  Schlntheimi 

King,  Per.  fo«. 

Tbid. 
FoM.gr.  SI,  J. 

buomjjnaiDS  i^Mmiuiufl 

Uncrocheilus  Bymmetricoa  , 

FoBi  gr.  21,  *. 

N'Btita  LnboitiiiUia   . 

King,  Per.  ro«. 

nn. 

.     NnutUus  Bowertankianoa  . 

Pad. 

— — .  Friwlfbeni  . 

Ibid. 

.     PlatjaoiDUB  Btriiitiis   , 

Fo«.  gr.  20,  a. 

Midland  Countia  of  England. — Hie  magnwun  and  otlm  limee 
of  the  Durhiuii  Bection  die  away  towards  the  Kintli,  and  fiuJly  din| 
near  Nottingbam.  There  is,  however,  in  Warwickshire,  Staffoidi 
and  Shropnhire,  a  great  seriee  of  bedB,  occopying  the  same  rd 
position  between  the  Coal-messtiTes  and  the  IVias,  oi  New  Bed  £ 
Btone  proper,  as  may  be  Been  from  the  section  in  Fig.  160,  n 


e  fn^itonfl  irith  t) 


exhibita  the  whole  aeries  of  beds  which  in  that  country  intw^ 
between  the  top  of  the  Coal-measures  and  the  base  of  the  Liw.  ^ 
diagram  is  constructed  partly  from  Sheet  23  of  the  Horizontal  S«0* 
of  the  Geohigicul  Survey.  The  parts  belonging  to  the  PenniM  p*^ 
ore  those  called  h  and  e. 

The  maila  m  ^oui^  h  are  often  remarkable  for  their  deep  blM^'° 


mm 
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icter,  and  some  of  the  sandstones  are  likewise  dark  red.  The 
tones  are  quite  like  those  of  the  Old  Red  Sandstone,  and  were  at 
ime  believed  to  belong  to  it ;  one  of  the  earliest  descriptions  of 
omstone  of  the  Old  Red  Sandstone  being  taken  in  fact  from  these 
The  trappean  breccia  c  consists  in  some  parts  so  entirely  of 
angular  fragments  of  a  porphyritic  trap  that  it  was  believed  to  be 
ly  the  superficial  debris  derived  from  the  solid  trap  rock  beneath, 
her  parts,  however,  it  contains  square  slabs  and  angular  fragments 
ondovery  sandstone,  and  other  fragments,  so  that  Professor  Ramsay 
ves  that  some  of  them  must  have  been  transported  by  ice.  * 
V  more  complete  section  of  the  Permian  series  is  exhibited  in  the 
lie  district,  Shropshire,  where  the  series  attains  a  thickness  of 
)  feet,  consisting  of  . 

1.     Upper  red  and  purple  sandstones  and  maris. 

Q  )  a.  Unconsolidated  breccia  and  marls. 

'  I  b,  Calcareoas  conglomerates,  sandstones  and  marls. 

8.  Lower  red  and  purple  sandstones. 

rhe  whole  of  these  beds  are  repeated  by  a  large  fault,  and  thus 
ar  to  be  twice  their  actual  thickness. 

rhe  Permian  strata  of  Central  England  and  Shropshire  belong  in 
robability  to  the  "  rothe-todte-liegende,"  or  lower  division  of  the 
ation.  They  are  described  in  detail  in  several  memoirs  of  the 
ogical  Survey,  and  more  recently  in  one  by  Mr.  R  HulLf 
Ireland. — The  red  sandstones  of  Rhone  Hill,  near  Dungannon, 
ne,  containing  abundance  of  Palasoniseus  catopterus^  are  probably 
lian.  Yellow  magnesian  limestones,  exactly  like  those  of  Durham, 
with  many  of  the  characteristic  fossils  previously  mentioned,  occur 
atches  at  Ardtrea,t  County  Tyrone,  and  blocks  of  it  have  been 
d  on  the  shore  at  Cultra,  near  Holywood,  Belfast. 
Scotland. — Several  detached  areas  of  red  sandstones  referred  to  the 
nian  series  occur  in  Scotland.  Of  these  the  largest  are  found  in  Dum- 
shire,  lying  unconformably  upon  Lower  Silurian  and  Carboniferous 
s.  Their  lower  beds  are  sometimes  breccias  of  the  underlying 
8,  and  in  some  of  the  sandstones  abundant  reptilian  footprints 
i  been  foimd.  In  Ayrshire  an  area  of  similar  red  sandstones 
ads  over  the  Coal-measures,  and  exhibits  at  its  base  some  thick  beds 
K)rphyrite  and  melaphyre,  with  trap-tuff.  Similar  volcanic  rocks 
r  at  the  base  of  the  Permian  sandstones  of  the  Nith  Valley,  above 
mhill.     Connected  with  these  remains  of  Permian  igneous  action 

QmwL  Jovm.  GtoL  Soe.  yoL  xL  p.  185 ;  and  Memi.  Gtol  Surv.,  South  Stajfordakirt  Cool- 

Sdedit. 

On  ike  PenUan  and  Triaasie  Roda^fihe  Central  Countiu,  1860. 

Bee  Profeseor  King's  paper  {Dublin  Nat.  Hiit.  Review,  No.  x.),  or  J<mfwd  c/tiU  GeologU 

tciet^,  DubUm,  toL  tIL 
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are  nnmerous  ^  necks  "  of  trappean  agglomerate,  which,  aaeen^ng  r&- 
tically  through  the  older  rocks,  mark  the  podtion  of  volcanic  yentK.* 

Volcanic  Rocks  of  Pbbmiah  Period  nr  Bbhaci. 

The  Yolcanic  rocks  associated  with  the  red  sandstones  of  Avnliire 
and  Nithsdale,  just  referred  to,  are  the  only  examples  jet  known  of  ii 
the  Permian  system  of  Britain.  They  consist  of  dark  porphyrites  tnd 
melaphyres,  often  very  slaggy  and  amygdaloidal,  disposed  in  gendjr 
inclined  beds  and  interstratified  with  and  covered  by  red  gravelly  tn^ 
tufk  and  ashy  sandstones.  The  tuff  is  so  intimately  associated  viA 
the  sandstone  that  their  contemporaneous  origin  is  evident,  while  tbe 
amygdaloidal  rocks  have  the  characters  of  true  lava-flows.  Round  ^ 
outside  of  the  Permian  volcanic  outlier  of  Ayrshire,  the  Carbonifemi 
rocks  are  pierced  with  numerous  "  necks,"  and  aimilar  tnuses  of  vol- 
canic orifices  are  found  at  intervals  across  the  country  even  into  HSl 
It  is  possible  that  the  later  imconfomiable  volcanic  rocks  of  ArthoA 
Seat,  at  Edinburgh,  may  belong  to  this  Permian  series. 'f 

In  Germany  the  Permian  system  abounds  in  large  associited 
masses  of  melaphyre,  and  trappean  breccias  and  conglomerates.^ 

Foreigni  Iiocalities. 

When  Sir  K.  I.  Murchison  and  his  colleagues  examined  Russia  and  the  Tnl 
Mountains,  they  found  a  great  series  of  '*  grits,  sandstones,  marls,  oonglomrratei 
and  limestone,  sometimes  enclosing  great  masses  of  gypsum  and  rock-salt,"  oirtf- 
lying  the  Carboniferous  rocks,  but  beneath  the  Trias,  and  occupj-ing  the  distrkt 
which  formed  the  ancient  kingdom  of  Perm.  He  proposed,  therefore,  the  naa* 
of  the  Permian  rocks  for  them. 

The  lower  part  of  this  deposit  agreed  with  the  red  beds  which  in  Germinybii 
received  the  name  of  the  "rothe-todte-liegende,"  or  red  dead-layers.  These  w* 
called  "  dead  "  because  the  copper  which  was  worked  in  the  beds  above  themdiii 
out  as  the  miners  came  into  these  beils  below.  These  lower  red  beds  swell  out  in t^ 
Thuringerwald  to  a  thickness  of  4000  feet,§  though  this  must  be  taken  as  a  laet 
local  exception  to  their  general  dimensions. 

Above  them  are  certain  beds  of  dark  shale,  i^ith  copper  ore,  hence  called  Ki^ 
fer-Schiefer,  and  over  that  a  limestone  called  the  Zechstein,  which  passes  up  ^ 
a  red  and  mottled  marl,  called  the  Bunter-Schiefer. 

The  section  there  is — 

4.  Bunter-Schiefer. 

8.  Zechstein. 

2.  Kupfer-Schiefer  and  MergeL 

1.  Ilothe-todte-liegende. 


*  See  Geikle,  Geol  Mag.  vol.  iii.  p.  245. 

t  Ihid.  p.  243.    ExplanatioD  to  Sheet  14  of  the  Oeologieal  Sonrey  of  ScotUnd.  p.  2i 

t  See  Naumann's  Lehrbuch  ;  Senile's  CUuHJloatUm  dar  Fdaarten,  tali,  t  etc 

f  SUuria,  p.  333. 


CHAPTER  XXXV. 

IL  SECONDARY  OR  MESOZOIC  PERIODS. 

TBIAS8IC   OB  TSrSW  BED   SANDSTONE  FEBIOD. 

teim,  Trias  is  a  continental  one,  as  in  Germany  and  the  borders  of 
the  rocks  deposited  during  this  period  formed  three  well-marked 
fe»Tip8.  The  contemporaneous  rocks  in  Britain  were  called  New  Red 
^idstone,  under  which  term,  however,  were  included  at  one  time 
which  have  just  been  described  as  Permian. 
In  our  own  country  it  is  certain  that  the  series  is  deficient  in  the 
Ltral  division  or  Muschelkalk  of  Germany.  The  beds  we  have,  how- 
r,  are  divisible  into  the  following  groups.* 

Average  Thickness. 
6.  Red  marls,  vrith  rock  salt  and  gypsnm   .         .         1000  feet. 
5.  Lovrer  Keuper  sandstone,  with  thin  sandstones 

and  marls  (Waterstones)    ....         250    „ 
4.  Dolomitic  conglomerate. 
3.  Upper  red  and  mottled  sandstone  .         .         .         300 


»i 


»f 


2.  Pebble  beds  or  uncompacted  conglomerates    .         300 
1.  Lower  red  and  mottled  sandstone  .         .         .         250     „ 

The  thicknesses  given  above  may  be  considered  an  average  for  the 
«£aiid  counties,  but  in  Cheshire  and  South  Lancashire  the  formation 
^CfeinB  much  larger  proportions,  as  ascertained  by  the  officers  of  the 
^ological  Survey ;  and  from  this  district  the  beds  thin  away  towards 
&  south-east,  so  that  in  the  neighbourhood  of  Warwick  the  whole  of 
^  Banter  Sandstone  has  disappeared,  and  the  Keuper  beds,  themselves 
^ch  reduced,  rest  directly  on  the  Carboniferous  or  Permian  formations. 
^^  subdivisions  are  remarkably  uniform  in  character,  except  in  the 
^e  of  the  pebble-beds,  which  in  the  north-west  form  a  light  red 
■^T)ly  building  stone,  but  in  the  central  counties  become  generally  an 
^^Consolidated  conglomerate  of  quartzose  pebbles. 

The  Keuper  series  is  introduced  by  a  breccia  or  conglomerate  often 
•Icareous,  passing  up  into  brown,  yellow,  or  white  freestone,  and  then 
^V>  thinly  laminated  sandstones  and  marls,  with  reptilian  footprint^), 
■^  (Waterstones).  These  are  ultimately  surmounted  by  the  Red  Marl 
■^es.  These  red  clays  or  marls  contain  frequently  beds  of  gypsum,  and 
^^etimes  beds  of  rock-salt,  which  are  often  as  much  as  80  or  100 

•  Ball  Brit.  Attoc  Sep.  1864,  p.  80. 
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StH.  m  tfakkMH.  Tlum  an  ircaled  UtRclj  id  the  taOit  d  (Wi 
■fed  biva  ■!»  been  picRied  U  the  oppoehe  nie  ot  the  idnii' 
bmbA  o<  tbe  Ten  ;  aad  in  behnd  at  Jynaa^t,  oar  Oenddy 
Oemaij  AsUnL  Tbe  br»e  einiigs  at  Draitwub  ja  WwHtalit^ 
Skixk^wTcli  in  StBSiHidtliire,  vA  <rtlicr  ptacea.  Me  ,<h>ind  baaa 
be^.  Meu  Kotliwicli.m  Cbeahiie,tlMbUaiWii«wetMndM«til' 
AtlU  ikM^ncMortlmebedL  ^ 

Up9«rtnla  (mail,  eta.) liT 

lalkelaCmfc-Mh U 

ladaraMd  Bart  Oaollr  caOed  Stone)        .         .        .        .  M 

aafacdtfntk-Mtt ]<« 

ladamoi  ^ub,  wilk  tUn  bedi  of  rocknlt     .         .         .  lil 


Orer  Una  thicknen  of  500  feet  ai«  other  bedi  of  mad,  Mc-.^ 
«r  nach  tLe  baae  of  the  Lk»,  and  hikIot  it  are  other  nurii, «  ■ 
the  entire  depth  of  this  group  must  be  cdiisid<;nble,*  Seclun,'^ 
160,  p.  60S,  iltJuad  frum  the  maps  and  sectioo*  of  lb*  Gts^ 
Survej,  fhows  theee  beds  as  they  occur  in  North  Woreestenhiie,"' 
•outhward  of  the  South  Staflbrdahiie  coalfield.  TheT  re«l  heK  ^ 
the  Permian  ttappean  oongtonieiaCea  c,  and  after  dipping  gectlj  U  fl 
•outfa  for  lome  mite*,  aie  finally  covered  by  the  base  of  thi^  Liv  i  ' 
thit  Bection  the  pebble-beds  of  the  Bimt«r,  t,  ml  diiMtlr  at  ^ 
Penuian  t,  but  a  (obdirision,  rf,  is  iIllI^>laced  beoeaih  thun.  "  ■ 
{irewnt  the  Lower  r«d  and  mottled  sandstone  ;  as  in  h'arili  SuW 
ahtre,  it  ocean  viih  a  thickness  of  SCO  feett 

Inland. — The  section  in  the  north  of  Ireland  i*  as  follov^ :  ~< 
n» 
Bad  Bad*,  with  gneaa HO 

Boittit n 

lUriandaiH H 

Pan  rod-ott M 

Mii«liwk.MH K 

Pan  lodi-Mlt » 


Theae  have  other  beds  of  Rd  mad  «boT«  them,  about  1' 

*  Sh  OnKod  {QhtL  Jrtn.  GtA  Sk  nL  Ir.X  wko  ciiM  Ik<  Mkiwl^ 


I  Bh  v>«K  »i  »i.  1 .  ^  nnfK.  Ki 
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thick,  oyer  which  is  the  base  of  the  Lias.  Underneath  these  red 
beds  of  the  valley  of  the  Lagan  occur  red  sandstones  belonging  to 
Banter  series,  which  have  been  snnk  into,  near  Lisbum,  in  search  of 
T,  for  a  depth  of  over  500  feet,  without  reaching  their  base. 
Scotland. — No  definitely  marked  representatives  of  the  Trias  have 
been  ascertained  in  Scotland.  Some  portions  of  the  yellow  sand- 
Bs  of  Elgin,  formerly  classed  as  Old  Red  Sandstone,  and  in  which 
ilian  remains  {Telerpeton,  Stagonolepis,  and  Hyptrodapedon^  occur, 
i  more  recently  been  referred  to  the  Trias,  not  from  any  strati- 
hical  evidence,  but  solely  on  account  of  the  high  grade  of  these 
nic  remains,  and  because  Hyperodapedon  has  been  found  in  the 
3  of  England.  It  seems,  however,  exceedingly  doubtful  whether 
reference  is  justifiable.* 

A-vioula  Contorta  Zone,  or  BluDtic  or  Fenarth  Beds. — ^Dr.  Wright 
heltenham  has  described  as  tbe  uppermost  part  of  the  Eeuper  some 
i  in  the  south  of  England  that  had  hitherto  been  classed  with  the 
.t  They  are  perhaps  properly  intermediate  between  the  two,  and 
certainly  contemporaneous  with  the  "  Eossener  schichten"  of  Suess 
Jpper  St  Cassian  of  Escher  and  Merian).  They  may  be  well  seen 
farden  Cliff,  near  Westbury-on-Sevem,  and  at  Aust  and  Penarth  on 
coast  of  Glamorganshire,  where,  above  the  red  and  vari^ated 
Is  of  the  ordinary  Red  l^rl  series,  there  is  a  conspicuous  set  of 
k  and  dark  grey  shales  about  35  feet  thick,  containing  the  Bone- 
and  capped  by  the  grey  Rhsetic  and  the  Lias  Limestones,  with  Am- 
ite* plancrbis.  In  Staffordshire,  north  of  Abbotts  Bromley,  they 
i  visited  by  myself  in  the  year  1849,  and  afterwards  mapped  by 
colleague  Mr.  H.  H.  HowelL 

These  beds  have  been  traced  across  England,  at  the  outcrop  of  the 
per  Marls,  through  the  counties  of  Dorset,  Somerset,  Gloucester, 
cester,  and  Warwick,  to  Lincolnshire.  The  general  section  of  these 
(  may  be  briefly  described  as  consisting  (in  descending  order),  from 
base  of  the  Lias  proper,  as  follows  : — 

"  White  Lias  "  (of  William  Smith),  composed  of  a  series  of  white  or 
m-coloured,  more  or  less  argillaceous  limestones,  and  often  exhibit- 
at  the  top  one  or  two  hard  and  compact  smooth-grained  beds, 
mbling  lithographic  stone  in  texture  and  colour,  to  which  the  name 
m  Bed"  was  given  by  William  Smith.  This  bed  is  very  persistent 
Somersetshire.  At  or  near  the  base  of  the  White  Lias,  where  that 
58  is  developed,  comes  the  well-known  "  Landscape  Marble"  of 
lam,  near  Bristol.  In  Gloucestershire  (north  of  Bristol),  where  the 
hite  Lias"  has  almost  thinned  out,  the  Gotham  Marble  was  taken 
he  upper  limit  of  the  Rhaetic  series  by  Mr.  Bristow  in  his  survey 
de  district.    Bivalves  are  the  most  abundant  fossils  met  with  in  the 

*  See  amU,  p.  508.  t  Quart,  /oum.  Geol.  Soc  xvl. 
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ITUle  Li>f .  Ottrm  Liaaiea  ocean  in  gKat  mnnbers  (t  Ae 
of  tfae^Bhastic  b«ik  and  di«  Lover  Lias  ;  and  is  aLo  dm  wiik,ea 
rteaallT.  is  the  apjAnBOrt  ^uA  of  the  While  Li».  Tbe  Wluu  Ua' 
CnqveBtlf  wed  «s  mad  tnetsl,  in  tbe  coostmFtioti  of  walK  bJ  I 
iTtl*^"'"*"*  bnOdiDg  pupoeeo.  Ammonites  and  BelemciUE  an  A 
IRdMY  abmU.  from  tlie  BluKic  (eitee,  bttt  appear  in  great  munticii 
iha  wtwljing  liaa. 

BmeMli  die  Htliite  liac  mme  the  Um^  paper-shales  vitli  Jmi 
M<ilw*i  Bd  CWA'Mt  Aiofknon.  Herein  is  tbe  Bone-M,  ecian 
CMM  BtMa-Udt,  wben  two  tw  Hum  tfain  occasional  kT«n  of  i  M 
gnenkli  iQiMou  tineetone  occur,  mth  iron  pjiiie*.  and  nbm 
•nlea,  leelb,  Uaiea,  aad  eoprolites  of  F^h  and  Sanrians,  »  ««lltai 
to  Ibe  ooOedon  al  Antt  cue  Besdesthe  Bone-beila.^^'l^n' 
•laks  oailKB  aeivnl  ikin  and  oecarional  lajert  vf  haid,  UiK,f> 
TiwalnM.  ynOk  alnndanl  Ptetm  ValmieaK*,  Cardimm  AlofMn*.! 
other  fotsiU. 

The  thifl.or  lowest  of  the  three  sIocts  into  which  the  Khttif  «■ 
BUT  t«  dirided,  consols  of  a  greater  or  le$e  thickness  c>f  allfniiD'as^ 
hard  and  toA  gre;  or  greenish  msrb,  geneiallT  without  U*Af.  <^ 
pa^eing  almonl  imperceptibtT  into  the  variei^ated  red  mul$  °(  ^ 
Keoper.  to  which,  in  coninion  with  the  middle  dirisinn  containiDi: « 
Bon«-bed,  they  seem  to  be  more  nearij-  allied  than  to  the  Liu ;  »^ 
on  tbe  other  hand,  the  "  White  Lias"  appears  to  be  more  dofelj'iti'" 
to  tbe  Liassic  series. 

In  aenoal  localities  an  enideil  mrface  has  been  noticed  in  ihen^f^ 
BMWt  bed  of  the  White  Lia?,  and  tiaces  of  the  borings  of  marine  ^ 
have  also  been  delected,  which  woold  show  a  "  brenk"  or  Up»  i^^ 
between  tbe  lalert  depcntioa  of  the  Rhsiic  and  the  fii¥t  earliest  tnMi 
iheliaaintluatanntry.  Uoreover,U)e»nddenappeannceaf  Anuo^ 
and  BdeainitM  in  the  Iviwer  Liat  is  another  point  which  tesiU  U  ^ 
lingiutlt  thow  hedf,  and  pcceibli  implies  the  occurrence  of  a  c(<is^ 
able  taae  lo  aUoir  foe  nich  a  change  of  conditions  as  would  be  »^ 
Sot  Ihe  incaniin  of  these  Ophalopods  into  the  liasuc  seas. 

At  Oe  wxrteranioel  ext«niioD  of  the  Rfaslic  bed*  (between  BiWt*" 
mk  ^le  in  aiaaorgan<hire>  a  inajked  tithoh'^cal  changie  in  tbf  I'*' 
bedi  has  taken  place  : — Sand$  and  fandMoRes  with  PuUaitra  ami** 
etc.,  RplaciBg  the  eqninlent  lied«  in  other  localities,  deaoling  tliii  ^ 
wrre  deposited  in  *halIow«f  water,  nearer  the  margin  of  thr  ■'|'' 
eiiitiiifE  cnast  These  sandj  beds,  wiih  FuJUutnt  amtinla,  hsn  i>>4 
'      1  traced  bv  31i.  H.  B.   Woodward,  in  one  or  two  pUce«,  m  ^ 

~>  Hilbnir  Sweraetefcire,  where  abo  the  Lias  ilself  has  astiag* 


•  rariea  much  in  difierent  toealitjes,  both  in  p^ 
n&i&ai^    "Y^  ^luu):  if'  Penanh  fiedi''  hal  beciif"' 


ie  in  Englaiid  I7  Mr.  H.  W.  lU^law,  tf  A*  iimjiilini  af 
k  I.  Mnrehiaoo.     TU«  bhm  «w  ax^iertd  ipyiuiwirti)  to 

BritUh  eqniTileBta  of  tbe  cuutiucuUl  RhHtie  (oict,  fn^ 
reloped  and  itrikiiig  Kctioiu  of  tlie  bedi  'w&ieh  baj  be  nva 

forming  the  bold  i>M«ii«T>rfa  of  BuHKh  Bo^a  on  tka  eoMt 
uuihiie.    Thar  maximiiM  tlw:kn»M  oBnot  njtriKn  exceed 


sdc  beds  are  abo  lepRKoted  in  the  aortli  of  Iidaad  at 
Dtl  DerTTmoie,  bj  daik  dtalea  and  grita,  with  WMne  of  the 
ic  Immla  of  the  gmnp ;+  aka  at  Colin  Gloi  near  Rflftat. 
near  Camckfetgm,  aad  Whitdiead  near  Lame. 


PoHiiai 

}(  LabjrluthodnD 


U.~T[liiu<o  r< 

c  Tooth  of  Idb]rrtntho4on|l|MWm 
i,  INptenmotui  ajphoi. 


erUtie  Foitilt. — Very  few  fowils  have  been  found  in  anf 
New  Red  Sandstoss  of  the  British  ithuidi.     Tracki,  how- 

owId  Srpsrt  </l»<J(«(iiw<ira<'BrtlU^ini1M(a»rK  Bulk,  ISM  i  llula 
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ever,  of  aevenl  kinds  of  reptile  have  been  fomiid— «iiioiig  Mutn,  iSbfim 
of  the  one  formerly  called  Ckeirttikenumf  from  the  liVftT^^^ff  of  its  fiMt 
to  the  human  hand,  but  since  named  Zabj^rintkodoHf  from  the  •traetm 
of  its  tooth.  These  impressions  have  been  met  with  alio,  I  belkn,  ii 
Permian  sandstones.  Fig.  a  in  the  Foesil  Qroup  28  is  a  reduced  npn- 
•entation  of  these  foot-tracks,  b  and  c  being  the  akull  and  tooth  of  tk 
animal  supposed  to  have  caused  them.  Other  tracks  were  eihibited 
from  some  of  the  sandstones  of  Staffordshire,  by  the  Bev.  W.  Liiter  of 
Boshbury,  at  the  meeting  of  the  British  Association  at  Oxford  in  18€(l 
Fragments  of  fossil  wood  are  often  found  in  the  sandatonea,  intenUiti» 
fied  with  the  red  marls  of  the  Keuper,  and  the  foeail  fish  figured  Sb 
Foes.  Gr.  22,  d,  was  procured  from  the  same  beds,  and  deecrib^  by  Sir 
P.  Egerton.*  Hyhodu$  Keuper inut  also  may  be  mentioned  as  found  ia 
these  beds,  and  the  teeth  of  the  mammalian  Mieroletie§  found  nsir 
Frome,  by  Mr.  C.  Moore,  in  a  fissure  in  Carbonifsroua  TJn^<Mi^fy^^  ^ 
contents  of  which  are  supposed  to  be  of  Rhietic  age. 

The  following  fossils  are  characteristic  of  the  Rhsetic  or  Peniitk 
series: — t 


Conch^era 


Crustacea 
Fish    . 


Avicula  contorta 
Cardium  Rhseticum   . 
Modiola  minima 
Monotis  (Avicula)  decussata 
Ostraea  Liassica. 

intusstriata. 

Pecten  Valoniensis     . 
PuUastra  arenicola. 
Estheria  minuto,  var.  Brodieana. 
Acrodus  acntua  and  A.  minimus 
Ceratodus  alius,  and  fire  others 
Hybodus  minor,  and  four  others 
Nem acanthus  monilifer 
Saarichthys  apical  is  . 


Port  O.  R.,  t.  25,  A. 
T  Phill.  G.  Y.,  t.  11,  fig.  7. 
Sow.  M.  C  210. 
Goldfuas. 


Port  G.  R,  t.  25,  a. 
Geol.  Tr.,  toL  v.  t.  28. 


Agassiz. 


Lie  and  Position  of  the  New  Bed  Sandstone  of  the  British  TfV«^ 
— The  red  rocks  just  described  rest  quite  unconformably  and  indu- 
criminately  upon  all  or  any  of  the  groups  of  rocks  mentioned  in  the 
previous  chapters.  The  PalaH)zoic  rocks  of  the  British  Islands  had  been 
tilted,  contorted,  and  fractured,  in  various  directions,  and  had  suffered 
repeatedly  and  enormously  from  denudation,  before  the  deposition  of 
the  New  Red  Sandstone.  The  broken  and  varied  surface  which  the 
Palaeozoic  rocks  generally  possess  had  been  produced  on  them,  either 
completely  or  very  approximately,  before  this  time.  The  New  Bed 
Sandstone  reposes  upon  this  surface  usually  in  a  horizontal  or  aUghtlf 
inclined  position,  thickly  where  that  old  surface  is  deeply  buried,  moffi 
thinly  as  it  rises  towards  the  present  surface  of  the  ground.     Where 

*  Quart.  Journ.  Ged.  Soc,  yoL  z. 
t  See  ftlsu  Mr.  C.  Moore's  paper  on  these  beds,  (jjttart,  •/(mm.  QtoL  Soc,  toL  xtU. 
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ilaeozoic  locks  rise  out  of  it  into  hills  or  mountains,  the  New  Red 
tone  sweeps  round  their  margin  with  a  flat  or  gently  undulating 
e.  In  many  cases  the  New  Red  Sandstone  ends  abruptly  against 
alseozoic  ground,  either  from  having  been  deposited  against  a 
f  the  older  rocks,  or  from  its  having  been  made  to  abut  against 
by  subsequent  large  dislocations.  The  New  Red  Sandstone 
urrounds  the  great  Pennine  chain  of  the  north  of  England,  from 
shire  through  Cheshire  into  Shropshire,  Staffordshire,  Leicester- 
and  Nottinghamshire,  and  runs  down  the  vale  of  York  to  the 
of  Durham.     It  bounds,  in  the  same  way,  the  Palaeozoic  rocks  of 

1  from  the  mouth  of  the  Dee  to  that  of  the  Severn,  and  runs 

2  through  Somerset  and  Devon  to  the  mouth  of  the  Exe. 

we  draw  a  slightly  sinuous  line  from  the  mouth  of  the  Tees 
'h  the  centre  of  England  to  the  mouth  of  the  Exe,  we  should,  as 
ked  by  Dr.  Buckland  in  his  Bridge  water  Treatise,  divide  England 
wo  totally  dissimilar  parts,  in  which  the  form  and  aspect  of  the 
d,  and  the  condition  and  employments  of  the  people,  were  alike 
Lsted  with  each  other.  The  part  to  the  north-west  of  this  line  is 
{  Palaeozoic  ground,  often  wild,  barren,  and  mountainous,  but  in 
places  full  of  mineral  wealth  ;  the  part  to  the  south-east  of  it  is 
dary  and  Tertiary  ground,  and  generally  soft  and  gentle  in  out- 
vith  little  or  no  wealth  beneath  the  soil.  The  mining  and  mann- 
ing populations  are  to  be  found  in  the  first  district,  the  working 

3  of  the  latter  are  chiefly  agriculturists. 

I  Ireland  the  lie  and  position  of  the  New  Red  Sandstone  are  very 
sting  and  characteristic  If  the  reader  will  place  before  him  the 
-east  part  of  Sir  R.  Griffith's  excellent  geological  map  of  Ireland, 
ill  see  that  the  New  Red  Sandstone  is  confined  to  the  County 
m  and  its  immediate  borders.  If  he  will  follow  with  his  eye  the 
lary  of  the  formation,  he  will  see  all  the  Palaeozoic  rocks  coming 
x)m  underneath  it  in  different  places.  The  metamorphic  and 
ic  rocks,  partly  covered  by  Old  Red  Sandstone,  rise  from  under 
Londonderry,  striking  north-east  and  south-west,  that  strike  being 
lued  beneath  the  New  Red  Sandstone,  as  appears  by  the  occur- 
of  the  same  rocks  in  the  north-east  comer  of  Antrim,  near  Cushen- 
where  the  upper  rocks  have  been  subsequently  removed  from 
Farther  south,  about  Dungannon,  different  portions  of  the  Car- 
trous  rocks  come  to  the  surface  from  beneath  the  New  Red  cover- 
'hile  along  the  south-east  side  of  the  valley  of  the  Lagan  we  find 
irk  slates  and  grits  of  the  Lower  Silurian  formation  rising  from 
th  it.  Just  on  the  south-east  side  of  Belfast  Lough,  however, 
en  Oultra  and  Holywood,  the  lowest  of  the  Carboniferous  rocks 
r,  resting  unconformably  on  the  Lower  Silurians,  but  dipping  at 
1  angle  to  the  north-west  beneath  the  waters  of  the  Lough. 
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On  the  opposite  shore  the  New  Bed  Sandstone  and  raperiflr  Mi 
lie,  as  usual,  in  a  nearly  horizontal  position.  It  is  deftr  tliat  flie  Kev 
Red  Sandstone  of  the  north-east  of  Ireland^  fatmerlj  move  extensTe 
than  it  is  now,  rests  as  a  great  flat  cake  upon  the  cjd  sufiwe  of  the 
PalsDozoic  rocks,  the  beds  of  which  lie  beneath  that  SEiuliMae  in  a  nmi- 
larly  contorted  and  greatly  denuded  condition  to  that  In  which  diej 
are  found  outside  the  New  Bed  Sandstone.  The  eectian  in  FSg.  165 
shows  in  its  lower  part  the  undulating  beds  and  the  old.  mahiBt  of 
denudation  of  the  Palaeozoic  rocks  beneath  the  hoxiaoatil  bait  of 
the  New  Bed  Sandstone.  If  a  shaft  were  anywhere  amk  ftna^ 
these  horizontal  beds  down  to  that  old  surface^  it  is  impoanUa  to  a^, 
with  any  hope  of  correctness,  what  Paheozoic  lock  would  he  tte  oae 
met  with  beneath  that  surface,  in  that  locality.  It  migjht  be  Ooil- 
measures,  but  might  equally  well  be  any  one  of  tiie  other  Klaonic 
rocks  above  enumerated,  namely — 1,  The  CSarboniferona  IdnMslODe; 
2,  the  Lower  limestone  Shale ;  3,  the  Old  Bed  Sandstone ;  4,  the  Lova 
Silurian  rocks  unaltered ;  or,  5,  Mica-schist  The  chances,  tiien,  woaU 
be  at  least  six  to  one  against  the  probability  of  Coal-measures  with  coal 
being  found  beneath  the  part  in  which  the  shaft  was  sunk. 

The  great  practical  importance  of  studying  the  unconformabilitr  of 
the  New  Red  Sandstone  on  the  Palteozoic  rocks  below  it,  and  the  tsA 
denudation  which  these  rocks  suffered  before  the  New  Bed  Sandstooa 
was  deposited,  cannot  be  too  strongly  impressed  on  the  mind  of  tk 
student.  It  is  one  of  the  chief  points  in  the  practical  application 
of  Geology  in  the  British  Islands,  both  for  the  purpose  of  guarl- 
ing  against  a  wasteful  expenditure  of  money  in  rash  enterpri^ 
and  for  directing  it  where  enterprise  may  have  a  chance  of  beii^ 
successful. 

Foreign  Equivalents. 

In  Germany  the  Trias  is  typically  divisible  into  three  groups,  as  follows  :— 

3.  Keuper 1000  feet 

2.  Muschelkalk 600    „ 

1.  Bunter  Sandatein         ....         1500    „ 

1.  The  Bunter  Sandstein,  or  "  variegated  sandstone,"  is  a  red  and  idiitt 
sandstone  interstratified  with  red  marls  and  thin  bands  of  limestone,  sometiiiMt 
oolitic,  sometimes  magnesian.  This  is  the  "  Gres  bigarr^  of  the  Frencli. 
Characteristic  Fossils. — Plants.  Thirty  species  have  been  found  near  Strasboiff{[; 

Ferns,  Cyciids,  and  Conifers.     Among  them  are  Equisr 
tit«s  Mougeotii,  i£thophyllum  speciosum  and  JR.  ^f^ 
lare,  Neuropteris  elegans,  Voltzia  heterophylla,  Alboti* 
elliptica,  Anoraopteris. 
Fish.  Acrodus  Braunii. 

Reptiles.  Trematosaurus,  Nothosaurus  Schimperi,  Fboo' 
dus  impressus,  footprints  of  Labyrinthodon.* 

•  Vogt's  Lehrbuch,  vol.  i  p.  88S. 
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2.  Mn«olWilk«lk. — A  compact  reddi^li  grey,  or  yeUowlah  limwlone,  rutlj 
itic,  biitinsoniepliceainxgiiaiiaii,  especially  in  the  lower  beda,  which  include  beds 
gypsum  uid  rock-salt.     It  might  accordingly  be  divided  into  two  snb-groupa — 
Uppei  Muschelkalfa,  regularly  bedded  limeatone,  more  than  300  feet  thick. 
Alternatioiu  of  limesl^ne,  dolamite,  marl,  and  gypaum  or  anhydrite  and  rock- 


ult,  280  re«t. 


/  CerMites  nodoBi 


aTactrrvtic  FottiU. — Brackiopoda.  Terebratula  vulgaris  (Poss.  gr.  23,  ft). 

F-chinodermala.    Eucrinufl   liliformis    (Foss.    gr.    23,  n) ; 

Ophiura  priaco.  O.  scutellata. 
ComAi/mi.  Uervillia  aocialia  (FoM.  gr.  23,  c) ;  Unia  atri- 

ala  ;  Myophoria  vulgaria  (Fosa.  gr.  23,  if) ;  Ostrea  pla- 

cunoidea  and  O.  8chub!eri ;  Pecten  discitea,  P.  tevigatua. 
OasUmpoda.  Turritella  reallata. 
CtpAahpoda.  Ceratites  nodosua  (Foss.  gr.  23,  /) ;  NautUm 

heiagonalia  (Fosa.  gr.  23,  e) ;  N.  hirundo. 
Fith.   Acrodoa  Gaillardoti ;  Ceratodua  heteroraorphui ; 

Hybodua  Mougeotii  and  H.  m^jor ;  Pemphli  Sueaai; 

Saurichthya  aptcalia  and  coatatua. 
lieptiUt.  Nothoaaurua  ;  Simoaaunu. — {Vogt.) 
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Mri.  tat  toallr  fiTMiMi  ion  Ikraa  MbfTv^i^  auna^— 

c  baps  a«>>ililiM«  mt  ■  pllol*  »ha«,  i— ttma»  gnsMliiilii^ 


m4  latt  omfe  Ml  BNrtlM. 


■■■a  iiimalM  lad*  «f  !■{««  lartlif  a 

It^fiiBlkodOB^  OBTiilK  Lil«ak,  ud  B 
T1u(  litte  (nap  nau  dinttli'  on  Qie  I 

~  I.  W  lilrig  to  it,  bat  iti  plaala  mn  tkow  tl  Ott  Etmjtt. 


, .  -id  of  red,  pmk,  od  vtiite  DkuMe,  fn 

19)  r''-t-'""'F  BO*  tkm  SiM  ipRin  of  fiuik    ^ 
"  #  HkllfUtt  ud  St.  CiHiui  bc^  bat  Uh:  1*'^ 

■~  :  I  ti*  foniHl  elwwhpT*  in  htdi  beloogm?*' 
. -itltf  coofiiwd  to  beds  o[  Uacauk  tp-' 


1 


CjTtl*. 


OpU. 
CirdiCi. 

Ostnc*. 

Thwidinm. 


The  tnt  otaaa  muki  tke  btt  ai^iMmirc  of  Ktns]  g«wn  irhirli  it  '* 
nrtoirtk  i]<  I^]>«sac  itnta.  The  aerood  ibom  ^him  geatn  'hi^b  i* 
ckuacttntk  of  tbc  Ij^pptr  Triu,  atber  as  pccnliu  to  it  or  u  mfbin;  I^ 
■iiiiaiM  of  dnvk^Kwat  at  tkii  en.  The  third  ooIdidd  Durks  Xht  ti»i  fp'^ 
n  kboadaiit  m  latra-  agps.  * 
~  ■  "  "  are  olhm  caUri  th(  GdW 
L^  Jlyaatf  Faaanm.  -'* 
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ex. 


Guttenstein  beds,  black  and  grey  limeetone,  alternating  with 
red  and  green  shale      ....... 

Werfen  beds,  red  and  green  shale  and  sandstone,  with  gjpsmu 
and  rock-salt. 


Feet 
150 


I-t  is  yet  doabtfal  whether  these  are  only  a  lower  portion  of  the  St.  Cassian 
Lb,  or  are  to  be  considered  as  equivalents  of  the  Lower  Trias.  Over  the  St. 
isian  beds  again  come  2000  feet  of  white  or  greyish  limestone,  known  as  the 
distein  beds,  and  above  these  50  feet  of  grey  and  black  limestone  with 
[^areoua  marls,  called  the  Koessen  beds,  or  Upper  St  Cassian,  by  MM.  Escher 
i  Merian.  Each  of  these  groups  contains  a  peculiar  set  of  fossils  of  a  cha- 
ter  which  renders  it  uncertain  whether  they  should  be  classed  as  Upper  Triassic 
as  Liower  Liassic  groups.  The  Dachstein  beds  are  unfossiliferous  below,  but 
)  upper  portion  contains  beds  entirely  made  up  of  Corals  {LUhostrotion),  and 
lens,  containing  Hemieardium  Wu^eri,  Jfegalodon  tri^ueUr,  and  other  lai^ge 
ralves. 

The  Koessen  beds  contain  as  characteristic  fossils  Avicula  contoria  and  A. 
isgruivalvUf  PecUn  VaUmitnsia,  Cardium  JRhasiicum,  Spiri/era  MUnsteri,  to- 
ther  with  many  Brachiopoda,  some  peculiar,  a  few  foimd  in  the  Lias.  Accord- 
g  to  fiir.  Sueas,  the  Koessen  beds  correspond  to  the  upper  bone-bed  of  Swabia. 

appears  most  probable  that  we  may  class  these  formations  as  follows : — 


Keuper    . 
Bunter     . 


Koessen  or  Upper  St  Cassian  beds. 

Dachstein  beds. 

Hallstadt  and  St  Cassian  beds. 

Guttenstein  beds. 

Werfen  beds. 


How  far  the  beds  may  be  continuous,  or  what  gaps  may  be  unrepresented 
Dong  them,  remains  doubtful.  It  is  possible  the  Muschelkalk  should  be  inter- 
lated  between  two  of  them,  and  that  all  these  may  be  merely  a  few  isolated  frag- 
ents  of  the  series  that  might  have  been  deposited  during  a  vast  imperfectly 
(vresented  interval.* 


*  On  the  dasaification  of  the  Rluetic  beds  see  Guembel's  Betckreibung  der  Bayeriachtn 
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JUBASSIO  OB  OOLITIC  PBBIOB. 


The  rocks  deposited  during  this  period  over  the  area  now  oocapied  % 
the  British  Islands  were  called  Oolitic^  hecaose  in  the  part  where  tii^ 
were  first  examined  and  described  by  Dr.  W.  Smith,  thej  oootutd 
many  beds  of  oolitic  limestone.     On  the  Continent  they  are  eaU 
Jurassic,  because  they  compose  that  chain  of  mountainous  hills  sweep 
ing  round  the  north-west  frontier  of  Switzerland,  which  is  known  if 
the  name  of  the  Jura.     As  in  other  cases,  we  use  the  deagiaOM 
applied  to  those  two  groups  of  rock  as  the  name  also  of  the  periW 
during  which  they  were  deposited. 

It  has  been  shown  in  section  Fig.  160  that  the  upper  beds  of  tk 
New  Rwl  Sandstone  pass  underneath  some  other  beds  which  wc!« 
calleil  Liii-s.  The  red  marls  of  Cheshire  and  those  in  the  ceniK^ 
Stalfonlshire  are  cap^xHl  by  isolated  iwitches  of  these  beds.  Th«?«*  ^ 
county  Antrim  are  similarly  covered.  If  we  followed  the  sligt^f 
sinuous  line  mentioned  in  the  hist  chajiter  as  running  from  the  m«ni 
of  the  Tees  to  that  of  the  Exe,  we  should  find  wherever  the  rocb 
were   exiH>sed   that  the  red  marls  of  the  New  Red  Sandstone  ^l^ 
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Fig.  101, 
Diatn^mmatle  Section  of  the  Gloucestershire  Oolites. 
Feet. 


t.  Coral  Rag 
j.  Oxfonl  Clay 
i.  Combnwh 
*.  Forest  Marble 
g.  Great  Oolite 


50  /.  Fuller'*  Earth 

bOO  e.  Inferior  l)olit« 

15  d.  U|i}»er  Liaa  Sand  and  Shale 

40  c.  Marl&tone 

ihH)  6l  Lower  Uas  Shale    . 


0O« 


a.  Red  marb  (Top  of  New  Red  Sandstone). 

gently  to  the  east  or  south-east,  and  were  in  that  direction  covered  ^ 
beds  of  dark  clay  or  shale  forming  the  base  of  the  Lias.     Fig.  161  i* 
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diagrammatic  representation  of  a  section  through  the  Oolitic  series 
)  it  occurs  in  Qloucestershire,  in  the  neighbourhood  of  Cheltenham 
id  the  Cotteswold  HiUs.  It  is  based  on  Sheet  59  of  the  Horizontal 
actions  of  the  Geological  Survey,  drawn  by  Mr.  Hull,  and  Sheet  14, 
:awn  by  Professor  Ramsay  and  Mr.  Bristow.  The  thicknesses  of  these 
fferent  groups  are  the  maximum  thicknesses  attained  in  different  parts 

the  section  (No.  59)  above  mentioned  ;  some  variations  taking  place 
ithin  the  limits  of  that  section  itself,  which  is  more  than  thirty  miles 
agy  and  still  greater  changes  occurring  in  other  districts. 

Fig.  162  is  a  diagrammatic  section  based  on  Sheets  20  and  56  of 
e  Horizontal  Sections  of  the  Geological  Survey,  both  drawn  by  Mr. 
istowy  across  parts  of  Dorsetshire,  through  the  headlands  of  Port- 
ad  and  Purbeck.  It  shows  the  continuation  of  the  series  from  the 
Lford  clay  and  Coral  rag,  given  in  Fig.  161,  through  the  upper  part 

the  Oolites  into  the  Wealden  beds,  which  are  the  lower  part  of  the 


«  6  ^  e  ^    e 

Fig.  162. 
Diagrammatic  Section  of  the  Dorsetshire  Oolites. 
Feet. 
/  Wealden  Sands  and  Clays   .       1400  c  Rimeridge  Clay 

e.  Purbeck  beds       .        .        .         IWJ  b.  Coral  Rag 

d.  Portland  Stone  and  Sands    .         230  a.  Oxford  Clay 


,:/ 


Feet. 
550 
800 
600 


^taceous  series  above.  By  the  examination  of  these,  and  many 
ther  similar  sections  in  the  above-named  counties  and  their  neighbour- 
ood,  we  are  enabled  to  construct  the  following  table  of  the  succession 
t  rock-groups  in  this  district  By  studying  the  relations  of  these 
>ck-groups  to  each  other,  and  a  comparison  of  the  organic  remains 
contained  in  them,  we  are  also  enabled  to  throw  some  of  them  together 
^to  larger  groups  which  have  a  wider  range ;  while,  on  the  other  hand, 
3r  examination  of  each  group  in  any  particular  locality,  we  may  sub- 
ivide  it  into  smaller  sets  of  beds  that  are  only  to  be  recognised  in  that 
articular  locality.  The  thicknesses  assigned  may  be  taken  as  the 
Maxima  in  different  places  : — * 

Feet 
i.   Purbeck  beds     .         150^ 
3.  Portland  Beds    .        170  1-  2>.  Portland  or  Upper  Oolites 

2.  Rimeridge  Clay  600  J 
1.  Coralline  Oolite  (Coral 

Rag)        .  250  ^  C.  Oxford  or  Middle  OoUtes 

3.  Oxford  Clay       .         600 


Feet 


920 


850 


*  The  thicknenea  are  taken  fh>ni  the  Survey  Memoirs;  Briatow  in  Daweon't  Hand-book  ; 
on  on  ThinniMg  out  of  Strata,  etc. 
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9.  Gonibimth 
8.  Forest  Marble 

7.  Great  Oolite 

0.  Fuller's  Earth 
6.  Inferior  Oolite 
4.  Sands 

8.  Upper  Lias 
2.  Marlstone  • 

1.  Lower  Lias 


B.  Bftth  or  Ijofwmr  OoUtM 


40^ 
600 
180 
400 
280 
160  j 
400^ 

200  y  J.  The  Idas 
600  j 


101 


It  would  not  be  an  unnatuTRl  clarification  of  the  rock-gronpa  if  it 
were  to  take  the  Lias,  the  Oxford  CUnfy  and  the  Knnerufye  Clt^,  tilk 
three  great  clay  deposits  of  Uie  series,  each  capped  by  a  TariaUe  mi 
minor  group  of  sands  and  limestones,  the  Lias  forming  the  base  of  At 
Lower  Oolites,  the  Oxford  Clay  the  base  of  the  Coral  Bag^  and  At 
Kimeridge  Clay  the  base  of  the  Portknd  Oolites.  The  Purbeck  bek 
were  at  one  time  grouped  with  the  Wealden  beds  above  them — andtki 
Wealden  group  was  separated  from  the  Cretaceous  seriee — an  azmg^ 
ment  that  is  not  without  good  arguments  in  its  favour. 

A.  The  liiaa. 

This  formation  is  essentially  a  great  clay  deposit,  with  numeroa 
bands  of  a  peculiar  argillaceous  limestone  in  its  lower  part,  and  a  cal- 
careo-argillaceous  sandstone  near  the  middle,  with  blue  clay  above  it, 
and  a  loose  sandy  deposit  at  top,  connecting  it  with  the  Inferior  Oolite 
group  above. 

1.  Iiower  liias.* — The  Lower  Lias  is  mainly  composed  of  alto^ 
nating  bands  of  bluish-grey  argillaceous  and  earthy  limestone,  sod 
laminated  clay  or  shale  yielding  numerous  remains  of  reptiles,  fich, 
molluscs,  and  corals.  It  has  been  separated  by  palssontologists  into  fin 
zones,  characterised  by  the  occurrence  of  particular  Ammonites,  wlud 
are  associated  with  certain  assemblages  of  fossils  more  or  leas  disdnctiri 
of  each  zone.  In  the  West  of  England,  where  the  Lias  has  in  some  in- 
stances been  deposited  on  the  upturned  edges  of  the  Carboniferoiii 
Limestone  or  other  Palaeozoic  rocks,  the  lower  beds  of  limestone  exhibitaa 
appearance  which  they  do  not  display  wliere  they  occur  in  the  regokr 
order  of  succession  above  the  Triassic  series.  The  limestones  differ  iB 
lithological  character  from  the  same  beds  elsewhere,  and  become  harder 

*  Of  late  yean  much  dincussion  has  taken  place,  both  in  this  eoontry  and  on  tht  Oaa* 
tinent,  concerning  the  relations  of  the  various  beds  at  tiie  base  of  the  Uaa,  desciibed  iatiii 
last  chapter.  While  some  authors  incline  to  the  separation  of  these  strata  as  a  series  ini*' 
mediate  between  the  Lias  and  Trias,  under  the  names  of  "Zone  of  Avieuia  ConiurU,' 
'*  Rhaitic,'*  or  **  Penarth  Beds  **  (see  Wright,  Quart,  Joum,  OtoL  Soc,  toL  ztL  p.  Sii 
Moore,  Ibid,  vol  zvil  p.  483,  etc.),  others  consider  them  ss  fbrming  the  tme  bass  of  fla 
Lias  formation,  and  the  names  of  "  Infra-Lias,"  *' Hettangian,'*  and  *'  Uaa-con^OBenlt*' 
have  been  suggested  for  the  whole  or  a  part  of  these  beds.  (See  Donean,  Qmart,  Jomrm,  GmL 
890.,  roL  sdii.  p.  12;  Bristow,  /Md.  p.  199 ;  Tate,  Ibid.  M&> 
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and  more  dose-grained ;  the  days  and  shales  are  almost  entirely  ab- 
sent, and  the  beds  are  often  conglomeratic  This  change  is  very  marked 
in  South  Wales.     These  lower  beds  may  be  well  seen  and  studied  on 
the  coast  of  Qlamoiganshire,  in  the  clifb  under  Sutton  and  Southern- 
down.    They  were  noticed  by  Sir  Henry  T.  De  la  Beche,  under  the  name 
"  Lias  Conglomerate,"  and  have  since  been  worked  out  in  detail  and 
xnapped  by  Mr.  H.  W.  Bristow.     Similar  beds  also  occur  in  places  on 
the  Mendip  Hills,  near  Wells  and  Shepton  Mallet,  where  tiiey  have 
been  mapped  by  Mr.  H.  K  Woodward.* 
y'         The  limestones  of  the  Lower  Lias  are  extensively  quarried  for  flags 
and  building-stone,  besides  being  burned  for  lime.     The  Lias  of  Lyme 
I,-:  Begi8,and  other  places,  furnishes  a  hydraulic  cement,  which  is  in  great 
.^  xequest 

•;,.        a.  The  Marlstone  is  a  well-marked  division  of  the  Lias,  being  more 

5r  arenaceous  than  the  rest  of  the  formation,  and  often  bound  by  calcareous 

.-r  or  ferruginous  cement  into  a  hard  stone.      In  Qloucestershire  it  is 

~*  divisible  into  the  hard  ^'  rock-bed  "  above,  and  the  sands,  often  rather 

argillaceous,  below.     It  frequently  contains  bands  of  ironstone,  which 

have  of  late  years  been  largely  quarried  both  in  the  north  and  south  of 

England.     Tlie  immense  deposits  of  iron-ore,  now  so  extensively  worked 

~:  in  the  district  of  Cleveland  in  North  Yorkshire,  are  of  this  age. 

_,        8.  Upper  Iiias. — This  consists  of  a  great  thickness  of  blue  clay, 

^.  over  which  are  some  brown  and  yellow  sands,  which  were  classed  with 

=^  the  Inferior  Oolite,  until  separated  from  it  on  good  palaeontological 

evidence  by  Dr.  Wright  of  Cheltenham,t  who  gave  them  the  name  of 

^  Upper  Lias  Sands.     These  are  capped  by  a  particular  band  called  the 

*!^  *  Cephalopoda  bed,**  from  the  abundance  of  those  fossils  which  it  con- 

-j  tains.    Dr.  Lycett  and  some  other  geologists,  however,  consider  these 

s.  beds  as  intermediate  in  age  between  the  Lias  and  the  Inferior  Oolite.^ 

3  The  Upper  Lias  Clay,  which  is  in  some  places  400  feet  thick,  thins  out 

[^  towards  the  south,  so  that  at  Uley  Bury  it  is  only  70  feet  thick,  and  at 

;  Lansdown,  near  Bath,  it  seems  to  have  disappeared  altogether .§ 

>«». '       Characteristic  Fossils  of  the  Lias, — Each  of  the  subdivisions  of  the 

s  lias  just  described  has  a  peculiar  assemblage  of  fossils  characteristic  of 

%-  it  in  the  district  where  its  separation  from  the  rest  is  obvious.     Even 

,  the  Upper  Lias  Sand  may  be  distingtdshed  palseontologically  from  the 

e:  Upper  Lias  Clay  in  the  Gloucestershire  district,  and  has  been  so  sepa- 

lated  by  Dr.  Wright  and  Mr.  Lycett.     These  subdivisions  have  more 

^  than  a  local  interest,  inasmuch  as  they  point  distinctly  to  changes  in 

•  See  Men.  GeoL  Surv.,  voL  i. ;  ftnd  pftpen  by  C.  Moore,  P.  M.  Duncan,  H.  W.  Bristow, 
latbe  Quart  Jcum.  GtoL  Soe.,  voL  xxiil 
■•       t  Wright  on  "  Upper  Lias  Sands/'  Qitart  Jcum.  GtoL  Soe,  voL  xlL 
^       X  Awn.  amd  Mag.  Nat  Hi$t.,  September  1857.    Handbook  to  Cotteswold  HiUi,  €*«. 
""'       I  Sheet  14,  Horiiontal  Sectiona  of  the  Geological  Surrey,  Messrs.  Bamsay  and  Briftow. 
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the  f  omu  of  life,  and  theieibie  to  vut  lapM  of  time  during  ike  iep 
tioa  of  the  beds.  The  limit*  of  this  woik,  howersr,  do  not  ■dnit 
the  detula  necesHu;  to  give  a  complete  Mootint  of  tluM  nbdivini 
for  which  I  miut  refer  the  itodent  to  th«  wn-ka  of  Qaenatedt  tad  On 
and  to  Dr.  Wright's  pap«n  in  the  Qturtirfy  Jnrttat  »fA*  Otelcp 


lU  Gnnp  No.  £4. 

UuFonila. 
iL  Otnptecia  nbtnu.  d.  Bplitftn  ViIntUL 

i.  Eilncriiiui  Brlinsi.  •.  Tmbntulii  nniotnltL 

c,  OpUodenu  Egertonl.  /■  RbjnebonaUi  rlmon. 

Soeifty."  This  great  abundance  of  fassila  in  the  Lisa  makes  it  ^ 
cnit  to  eelect  any  short  list  of  species  which  may  be  considered  no 
characteristic  of  the  formation  than  many  otiiets  that  migbi  ^ 
mentioned.  The  following,  however,  would  probably  be  indudd  > 
any  list ; — t 


•  Qu«i»t»i1t,  "Dm  Jon 
ivL  p.  37*.  etc 

t  Tha  lMt«n  L.  M,  and 
Dppw  Uf  mpentlrelr. 


"  Oppsl,  "JnnfonmUqiL"  WTigil,  Quart.  Jomt.  Oil  Sx..^ 
I,  Indluto  thit  tha  apedn  ooinn  in  tba  Lowar,  1U<1& ' 
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w  Brodfei,  L.    .        .  Q.  J.  O.  5.  tL,  p.  tl4. 

Otopterii  obtuu,  L.  Fou.  gr.  24,  a. 
PalaoiUDia  Bechei  and  P,  Buck- 1  _^,   ip,  i   »  7 
Undi,  L.         ...          I         -      '     •        ■ 

Polfmorphina  Uassica,  L.  and  H.  Q.  J.  0.  S.  iL,  p.  30. 
Spirilina  inflmi,  L.          .         ■  Ibid. 

ThBococyathus  Moorei,  L.  Pal.  Sot  Foes.  Cor." 
luotrea  Hurcbisoni. 
UontllTiiltia  ciuieatB,  U. 

LeptBu  Hoorei,  U.  LyeU's  Han.,  fig.  411. 

RhjncboDella  rimoaa,  M.  and  L.  Fosi.  gr.  24,  /. 

teWahodra,  M.   .  Tab.  View. 

Spirifen  Walcottii,  M.  and  L.  Fobs.  gr.  24,  ± 

Terebratnla  numiamBlU,  H.  and  L.  Ibid.  24,  e. 

ArtcaU  cygnipw,  M.  and  L.  Tab.  View. 

Uonotis  decussata,  L.  .  Foea.  gr.  25,  a. 

Cardlnia  Llateri,  M.  and  L.      .  Tab.  View. 

Grypluea  inonira,  L.        .  .  Foaa.  gr.  25,  b. 

Ostrea  Liasaics,  L. 


FohUOto 

pN 

.15 

LiuFouUi. 

I 

ATimUdK 

r^ 

d.  PlenroUiir 

urii  AsgUu. 
■  dingatni. 

«■ 

Hippopgdl 

mpon 

dmmm. 

/.   AmmonlK 

geommonli. 

■  FllttontognpUcal  Bocietr,  FohU  Canla. 
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Omchifira 


OoMlercpoda  . 
Cephalopoda  . 


Pecten  LiaMiciii»  M. 
Hippopodium  pondflRMnm,  Lb 

Limft  (PlagkMtoina)  gigutM,  L.    | 

ModioU  scalpffnm,  M.     . 
Pholadomym  amhigna,  U.  IL  L. 
FleurotomAria  Anglica,  IL  tad  L. 
Ammonites  bifh)n8,  IT. 

■  Buckluidi,  L    » 

communis,  U. 

— ^— heteroi^ylliu,  U, 

'  obtosts,  L.  • 

— — —  plinorWs,  L. 

— —  aerxmitiniis,  U.    . 

capriconiis,  M 

spinfttnsi  M. 


ToML  gr.  SSpC 

mn  Vi«w,  and  lopdTil 

FUIlip^t  Mm.,  ig.  t(U 
Sow.  M.  a.  L  2S7. 
FoM.gr.  tt,tf. 
Tkb.  Vimr. 

Fott.gr.  26,/. 
Tab.  View. 


JPMI. 


Belemnites  elongatns,  M. 

Foti.gE.S8,& 

tubttliiis^  U. 

Tth.  View. 

Nautilus  tmncatns,  L.     . 

Md. 

.BcAtnodflmu 

ito  Extraerinns  Briareiia 

Fott.  gr.  S4kft. 

Ophiodenna,  M.      .        .        . 

Ihid.      24,  & 

Uraster  Gaveyi,  M . 

M.  G.  &,  Dot.  ft. 

Acrosalenia  minuta,  L.    . 

Pd.  Sec.  Hon. 

Cidaris  Edwaidsii,  M. 

Crustacea  . 

.     Eryon  antiqaus 

Chart  of  CrnstMea. 

BaiTOvensis  . 

Ibid. 

Olyphsea  LiaMtica  . 

Ibid. 

Insecta 

.     Coleoptera  (Elytra  and  wings). 

Neuroptera  (Libellnla  Hopei, 

etc.) 

Fish     .     . 

.     Acrodus  nobilis,  L. 

LytU's  Man ,  fig.  453. 

.£elunodu8  Leachii,  L. 

Ibid,            452. 

Da|)edias  i)olitn8,  L. 

Tab.  View. 

Hybodus  reticolataR,  L. 

Lyell*8  Man.,  fig.  454. 

Reptiles    . 

.     Ivlithyosaums  *  communiffy  L. 

Tab.V.andLyell'sMas 

Plesiosauras  dolichodeiras,  K 

Ibid,                    Ibid. 

DimoTpbodon  macronyx,  L. 

Oeol  Trans.  toL  iii. 

Teleoaaanui  Chapmazmi,  L. 

B.  The  Lower.  Oolites. 

4.  The  Inferior  Oolite  comprises  thoee  beds  which  come  next  al 
the  Cephalopoda  bed  of  the  Upper  Idas  Sands,  and  thus  form 
lowest  group  of  the  Lower  Oolites.  According  to  the  data  givei 
Sheet  59  of  the  Horizontal  Sections  of  the  Geological  Survey,  it  i 
the  hills  to  the  north-east  of  Cheltenham,  to  be  subdivided  into— 

Feet 
e,  Tbe  Rngstone  .  40 


d.  Upper  Freestone 
c.  Oolite  Marl    . 
b.  Lower  Freestone 
a.  The  Pea  Qn% 


34 

7 

147 

38 


*  Most  oumiuls  gire  flgores  of  Ickthyosaorl,  Pletioeanrl,  Pterodactyli,  etc ;  tM 
daUy  BncUaad's  BridgewaUr  TnaUst,  etc.,  and  Mr.  Watechonae  Hawkins*!  Diagaa* 
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The  Pta  Orit  ii  a  pieolitic  limestone,  eonnituig  of  a  nomber  of  flat 
Bcretioiu  like  laigt  flattened  peas.  The  f^tatmie*  are  fine-grained,  pale, 
litic,  or  ahell^  Umestonei,  containiiig  near  the  top  a  Beven-foot  bed 
brown  matl,  e,  with  an  imperfect  oolitic  structure.  The  Ragtttmt  ii 
brown  aandj  limestone,  Bometimea  hard  and  firm,  at  othen  incohe- 
Dt.  In  this  neighbonrhood  even  these  Babdivisiona  have  their  cha- 
cteriatic  foscdla.  As  we  recede  from  this  neighbourhood,  however,  these 
bdivisionB  natutatlj  die  ont  and  disappear  ;  other  beds  of  coarse 
nestone,  BometimeB  oolitic,  and  sometimes  sandy,  taking  theii  place. 

In  Oxfordshire,  according  to  Professor  Phillips,  the  whole  group  of 
.e  Inferior  Oolite  disappearB,  neither  the  beds  not  the  peeuliu'  fmsils 


tnTtrioi  OollH  Fowlla, 


;  discoverable.  In  North  Northamptonshire  and  Lincolnshire, 
r,  the  formation  reappears  under  the  form  of  a  white  limestone, 
%«n  attaining  a  great  thickness,  and  affording  many  weU-tcnown  and 
finable  building  stones,  as  those  of  Ancaster,  Ketten,  Bomack,  etc. 
■ke  CoUjweston  slate  forms  the  base  of  this  limestone  series,  which  is 
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underlaid  bj  thick  strata  of  aand  and  brown  igonatone,  the  latt 
now  extenaively  dug  for  smelting.  The  whole  of  theae  bada  diw 
South  Yorkshire  under  the  overlapping  Upper  Gretaoeooa  rocks, 
again  seen,  with  somewhat  difiierent  cbara^en^  in  No^  Toiki 


Charaderiatk  FottOi  qfHU  h^eriar  OolUU, 


AetmoKoa .     . 
Btuchiopoda  . 


Oitsterppoda  , 


Cephalopoda . 


Aw^haftjM.  hemitpherlca   . 
MontliTaltlA  trochoides  . 
Rhynchonella  spinoaa 
TerebntulA  earinata 

fimbria 

peroYalis 

Astaite  elogans 
Grenlya  abducta   . 
Lima  pectiniformia  (proboaddaa) 
Ostnea  flabelloidea 
Pecten  dentatus     • 
Pholadomya  fldieola 
Chemnitda  linaata 
Pleurotomaria  elongata  . 

ornata 

pallinm 

Ammonites  Brocchii 
Brodiei 


Brongniartii . 
Hamphresianus 
Murchisonae  . 
Parkinsoni    . 
etc 


Echinodermata 
Fish      .    .     . 


Etc. 

BelemniteB  ellipticos 
Nautilus  sinuatuB  . 
CoUyrites  ringens  . 
Echinus  perlatus     . 
Nucleolites  Agassizii 
Pholidophorus  Flesheri  . 
Strophodus  subreticulatus 


Foaa.  gr.  S6k  a. 
PaL  Soe.  Foaa.  Cor. 
Foaa.  gr.  S«,  it 
PaL  8o&  Bat.  Brae 
Tkb.  View. 

Ibid. 

Ibid, 
PhiU.  O.  T.  L,  L  11 
Tab.  T^OTT. 
Fb8a.gr.  M;& 
Sow.  IL  a  074. 
FoM.gr.tfl^  A 
Sow.  fi.  a  US. 

Ibid.        IM. 
Fobs.  gr.  26^  a: 
Sow.  IL  C.  2S1. 

nrid.      SOS. 

Ibid.        851. 
PhiUipa'a  Man.,  fig. ! 
Foes.  gr.  Se,/. 
Sow.  m;  a  660. 
Tkb.  Visw. 

G«>L  Trana.  IL  t.  8. 
Sow.  M.  G.  194. 
Tab.  View. 

Ihid, 
Ann.  Nat  Hiat.  185 

Agaaajg. 


5.  The  Foller'a  Barth. — Above  the  Inferior  Oolite  comes, 
Gloucestershire  district,  a  series  of  blue  and  yellow  shales,  cla; 
marls.  The  peculiar  kind  of  clay  called  Fuller^s  Earth,  whi 
given  the  name  to  the  group,  occurs  at  the  base  of  the  Great  Oc 
the  downs  immediately  south  of  Bath,  where  it  was  largely  ex 
some  years  ago  for  the  use  of  the  cloth  manufacturers  of  the  dis 

Towards  the  middle  part  of  the  Fuller's  Earth  clay,  south  oi 
are  beds  of  cream-coloured  earthy  limestone,  to  which  the  name  ] 
Earth  Rock  is  generally  given.  The  limestones,  which  are 
oolitic,  contain  nimierous  fossils,  amongst  which  Os^rea  acwnina 
be  mentioned  as  being  very  abimdant. 

The  maximum  thickness  of  the  Fuller's  Earth  in  the  Gloi 


•  Seep.  634. 


t  PalflMntographical  Society,  Davidaon'a  BraAiofoi 
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Jt  diibict  is  about  160  feet,  rather  rapidly  diminishiiig  northwards 
.iCHtwaidfl,  in  which  directions  it  soon  difappe&rs.  In  Doraetahire, 
Mmr,  the  formatioa  includes  400  feet  of  stnte.* 
:C%araetenMtu:  FattU*. — None,  nnlesa  the  little  oyatet  coiled  OOnga 
Mmota  {TiAular  VUw  and  L^lSt  Manual,  fig.  424]  ;  the  other 
iQs  cont^ed  in  this  group,  such  as  TerAratvta  ornxtkocephala,  and 
M  otben,  an  a  mixtoce  of  Inferior  Oolite  and  Great  Oolite  species. 
S.  Oraat  or  Bath  Oolite. — This,  like  the  other  Oolitic  groups,  except 
I  bUt*,  has  a  veiy  vatiable  lithological  chaiaeter,  Mr.  L;cett  sbts 
t  near  Uinchinbampton  it  is  made  up  of  weatbentones,  sandstones, 


a.  PterepfarUtun  iMinptiiiii.  t.  Llnu  uMuronnii. 

Il  HuDldduli  mlDDi.  /  Trigonli  OnldraHiL 

c  BhjrDcbaaslU  coucloni.  ir.  Parparoldta  Honlfll. 

i.  Tmibntnl*  dfgoni.  A.  Narinn  VoltHL 

d  limestones  ;  the  weatherstonM  (shell]'  calcareous  sandstones)  being 
njs  at  the  baae  of  the  group,  but  passing  Isteralljr  into  sandstones, 

■  lb.  B.  Tata  argnaa,  on  palBODtotoglul  gnmnili,  that  Oit  Pollar'i  EaRh  itaaald  ba  ra- 
dcdwtba  top  of  tha  Inferior  OoUtaiatbai  than  tha  tWM  of  tba  OieatOoUla.  (Quart 
n.  tfadtmm,  Jan.  l,  1870.) 
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vhich  are  commoiilj  covert  hy  limeetonee,  while  the  wcath 
have  never  any  of  the  luncstooes  above  them.* 

Mr.  Hull  Uivides  the  Great  OoUt«  vcv  Cheltenham  into  n 
a.  The  Lowra  looe,  a  variable  eeiiee  of  sandy  flogs,  "  slates,"  i 
UnieBtonQS,  with  while  oolitic  freestones,  ebowing  much  oblii^i 
nation.  The  Saggj  liueatooes,  and  Bometimes  the  tbick-bedd' 
eplit  in  eome  places  into  verj  thin  alaba,  which  are  called,  tbon 
neonslj, "  alatta."  The  Stoneefield  Slate,  so  celebrat^^  fur  it«  t* 
reptiles  and  munimalinn  remains,  belnuge  to  these  beda,  am 
therefore  give  its  name  to  the  zone,  lis  average  thickness  is 
6.  Tlie  Upper  zone  ia  well  marked  in  Qlonce8terehire,by  the  oo 
of  beda  of  white  marl  at  iL9  hasK,  and  wbit«  tbick'bedded  limt 
ite  Gunuuit.    Its  thickness  ia  1 60  feut.t 


FostiUa/ll^ 


EiiuuBtuni  cohunniini 
Pt«roph)'llDin  cnniptBia 
TcniuiiWria  Utifolia 

vlttattt  . 

Thnytca  eipanaiu  . 
IitBBtnea  Coof  beori  . 
Klij-nchoDellB  concluna 


Area  UinoneiiBii 


FachjrUina  gnadi 
Fboladomya  acatii 
Pteroperna  i»«tatula 
Trigonim  Goldfnsaii  . 

impressft    . 

Alalia  atractoides 
Cyliiidriteg  scutns    . 
NsriiiM  VoltdiS      . 
FMeUa  nigosa 
PuTpuroidea  Morriiii 
TrcKhotama  aunatoidea 
Aminaiiitaa  giadlia  . 
Belemnitcs  rosifonaia 

WaterhonaeL 

NautilDB  Baberi 
Schinodermala   Hemicidarij  minor    . 


Oatt^ropuda   . 


Cefhalapoda  . 


Ormt  Oolite. 

]  Pbilliiw'«  UaiL,  Of; 
I       Hautell't  Unla., 

Fifl«.  gr.  27.  a. 

MuitdVa  Ucdi.,  t 

Flimipn'i  Han^  %. 

Phill.  G.  Y.  i.,  t  1 

PaL  8oe.  Foh.  Cor 

FoM.  gr.  87,  e. 

Tab.  Vi«w. 

Foss.  gr.  27,  d. 

Tab.  View. 

PhiL.  G.  y.,  t  11, 

Tab.  View. 

K.„..  er,  ■•:,  ,-. 

Pal.  Soc  OoL  BiT. 
Tab.  View. 
Pal.  Soc  Ool  BiT. 
Fo«.  gr.  27,/. 
Tab.  View. 
Pal.  Boc.  OoL  F(ss. 
LyeU's  Man.,  fig.  4' 
Fobs.  gr.  27,  A. 
Lyell's  Man.,  flg.  41 
Foa.  gr.  27,  g. 
Pal.  Soc  OoL  Fms. 
PaL  8oc  OoL  MoL 
Tab.  View. 


*  Qttarl.  Jmm.  Cent.  Soc.,  vol.  It.  ;  and  ifnii.  Pol.  Sot,  IBM) 
t  Gwlogy  of  Chetteoham.  Mm.  Gml.  Sun.,  ISST. 
I  Henni.  LjcaU  and  Ucrtia  li*f»  pabUahsd  the  lloUnaca 
DmM  of  Uie  FalKontogT^ihleal  Soddtf,  nfeirtd  to  1     ' 
I  Tbt  lowsr  tgan  >bow>  a  wcUoo  at  ths  ahelL 


limudii  mi\lii  Vtea 


Amphithiniiin  Prarostii  . 
StereognaUiiu  Ooliticiu    . 


Pd.  Soc  BiiL  BeIl* 

[  Agiai^i  FobH  noi, 

Mutdl'i  M«di.,  ch.  zTii. 
Ljdl'a  HuL,  fig.  ua. 
liiiL,  Gg.  419. 
Q.  J.  0.  S.,  ToL  liiL 


7.  Tho  OorabTBib  md  ror««t  Harbla  Gmmp. — This  ia  tt  tct;  van- 
^  ccHupoaed  aet  of  cl&jrg,  Bands,  and  limeetonea,  containing  local  aub- 


F(MiU  Onnp  No.  2S. 
Combruh  uid  Fonst  Ibiblc  Foulla. 
b  hemiddAToidfa.  <L  GreuJr^  pcnplna. 

t.  ApfocrtDDj  Fu-UoKiil.  I.  HjiuHtta  dMuItnU. 

- -    -    .   .      „]^tt 


TinonB  mch  as  the  Bradford  0187,  the  Forest  Marble,  and  the  Cum- 
r*A  itielf. 
The  Bradford  Clay  b  a  bine  nnctuons  da;  occnninjj  at  Biwlfonl,  in 

•  BrUUk  Fcma  Eckiiuitrmata,  Vj  Dr.  T.  Wit(h<- 
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Wiltshiiey  and  extending  for  a  few  milea  axoand  it ;  it  k  aetw 
than  fort^  or  fifty  feet  in  thicknesB ;   locallj   foil  of  Afmntim 
Parkinsoni  {rotundtu).    Foaa.  gr.  28,  h. 

The  Forest  Marble  (so  named  finm  Wychwood  Fonst^  ia  Oifari- 
ahire,  where  it  is  30  feet  thick)  is  oompoied  of  ooane  fiaifle  oolite,  vift 
much  oblique  lamination,  hard  shelly  limeatoiiea,  blue  mads  and  dMH 
yellow  siliceous  sand,  with  laige  spheroidal  blocka  of  limftnnf,  ai^ 
fine  oolitic  freestone.  It  is  larely  more  than  40  feet  thick  in  tk 
Gloucestershire  district,  but  in  Dorsetshire  is  aaid  by  Mr.  Brislov*  to 
be  450  feet  thick. 

The  Combrash  is  generally  a  rubbly,  somewhat  femigiiMniB  Iom- 
atone,  in  thin  beds.  In  the  Midland  dirtricts  of  England  it  is  osfv 
more  than  15  feet  thick,  but  in  Dorsetshire  it  reachee  to  about  40  ff 
50  feet,t  and  ii  remarkably  fossiliferous,  AviciUa  eehmata  and  SwMitB 
dumeulani  being  abundant  and  chaiadteristie. 

ChamcUrUtk  FoatiUqftke  Comhnuh  etnd  Fared  MarUe  Cfromjpi, 


Bntchwpoda  , 

Terebnttnla  intermedia 

Foaa.  gr.  28,  e. 

obovata . 

Tab.  View. 

Bchinodennaia 

Acrosalenia  hemicidaroides 

Fo«.  gr.  28,  a. 

Apiocrinua  Parkinsoni 

Ibid.     28,  b. 

Nucleolites  clunicularis 

Tab.  View. 

Annelida  .     . 

Serpula  tetragona 

Sow.  M.  C,  599. 

Conchi/era     . 

Avictda  echinata 

Tab.  View. 

Ceromya  concentrica . 

Sow.  M.  C.  491. 

Gresslya  peregnna     . 

Foaa.  gr.  28,  d. 

Isocardia  minima 

Tab.  View. 

Lima  rigidula   . 

Phill.  G.  Y.,  t.  7. 

• 

Modiola  bipartita 

Ibid,       t.4. 

MyBcites  decurtata    . 

Foes.  gr.  28,  «. 

securifonnis 

PhilL  G.  Y.,  t  7. 

Pecten  fibrosos  . 

Ibid,       t.  «. 

Pholadomya  deltoidea 

Sow.  M.  C.  197. 

lyrata    . 

Fosa.  gr.  28,/. 

Oaateropoda  . 

Chemnitzia  vittata     . 

PhiU.  O.  Y.,  t.  7,fig.li 

Cephalopoda  . 

Ammonites  diacus 

Foes.  gr.  28,  g. 

Fish     .     .    . 

Asteracanthus  acutos 

Ag.  foaa.  fiah. 

Cardiodon  rugulosus. 

Tbe  Lower  Oolites  of  Torkahire. — The  beds  which  lie  betwett 
the  Lias  and  the  Oxford  Clay  preserve  the  structure  above  given,  wi& 
more  or  less  constancy,  from  Somersetshire  into  Lincolnshire,  forming 
a  continuous  ridge,  with  an  unbroken  escarpment,  till  we  reach  tbe 
estuary  of  the  Humber.  A  little  north  of  that  river  the  whole  Oolitic 
series,  with  the  exception  of  the  Lias,  is  overlapped  and  concealed  bf 
the  beds  of  the  Cretaceous  series,  from  underneath  which,  however, 
they  graduaUy  reappear  again  farther  north,  and  the  Lower  Oolites  vit 

*  Dawson's  Handbook  to  (he  Otology  of  Wtv^mavXk,  with  vertical  section  by  Itr.  Bditov. 
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iath  the  Oxford  Claj  into  some  wild  hills  called  the  York- 

rlands,  which  end  in  precipitous  cliffs  along  the  coast  about 

ad  Scarborough. 

8  district  the  changes,  often  apparent  as  we  trace  the  Lower 

)m  Somerset  into  Lincolnshire,  are  found  to  have  been  still 

rried  out,  so  that,  instead  of  the  groups  just  described,  we  get 

dng  section,  which  is  condensed  from  Professor  Phillips's 

as  : — * 

Feet 

lornbrash,  limestone  of  Gristhorp  and  Scarborough         .         .  10 

nes,  shales,  ironstones,  and  coals  of  Gristhorp,  Soarborough, 

Scalby,  enclosing  some  calcareous  shelly  bands      .        .        .         200 

elite,  and  clays  of  Cloughton  and  West  Nab  {**  Grey  limestone 

carborough") 80 

aes,  shales,  ironstones,  and  workable  coal  of  the  Peak,  Stainton 

$,  and  Haibum  Wyke 500 

mdstone  and  subcalcareous  beds,  with  bands  of  sheila  and 

ts  ("Dogger") 70 

ingular  that  the  little  insignificant-looking  band  called  Com- 
ersistent  throughout  the  whole  of  England,  though  it  under- 
iderable  modifications  in  lithological  and  paleoontological 
,  while  such  great  changes  take  place  in  the  more  important 
e  and  below.  The  "  grey-limestone,"  with  the  beds  below  it, 
sually  referred,  on  palaeontological  evidence,  to  the  Inferior 
"he  upper  part  of  the  "  Dogger  **  belongs  to  the  same  formo- 
ower  part  to  the  stone  called  *'  Upper  Lias  Sand.^ 
'haracteriMic  Fossils  of  the  Lower  Oolites  of  Yorkshire  are 
Y  plants,  many  of  which  are  ferns.  The  following  genera 
entioned,  some  of  which  have  different  species  in  these  beds 
le  Carboniferous  formation,  while  those  marked  with  one 
re  only  Mesozoic,  and  those  with  two  exclusively  Oolitic 
^ome  of  the  Equisetites  are  found  erect ;  and  we  have  here 
'ect  coal  formation  of  the  Oolitic  period,  the  coaU  (if  which 
*  from  those  of  the  CSarboniferous  formation  in  quautity  and 
value. 

ens,  Equisetites,  ••Otoptcris,  **  PachypUris,  *•  Pateozamta,  P<jcop« 
leboptcris,  •Pterophyllum,  **  Sagenopteri*  (GloM'^deriii),  HphntUfp' 
oiopteris,  *Thuytea,  **Zandtm, 

C.  The  Ozfbrd  or  Middle  OoUtee. 

iivi^ion  compruKs  the  Oxford  Clay  and  the  O/rmJ  ng  ffrtm^m — 
>  Oxford  Claj  is  so  called  an  lying  ^Mouadh  tha  pUifi  fm 
brd  stands,  but  it  exten/ls  acr'x*  England  fr*/iu  W^^iii/zttih 
to  Filey  Bay  in  Yorkshire.  It  is  g^rMrrJly  a  'iafk  hUi^  ';Uy, 
dark  grey,  approaching  to  bladk^  utd  ftf^jmwuMXX^f ^  a*  at 
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117(701011111,  it  contain!  nmneions  Mptuian  nodnlM.  In  ib  lews 
portion  it  haa  ocwaionally  tonw  bedi  of  ton{^  cftUanoas  Nodittai^ 
with  brown  aania,  called  KeUw»ys  Bock,  tram  a  place  in  Wiltdun 
This  KeUwayi  Hock  appean  to  be  wantii^  in  the  HfMlrM  cono^  m 
a  diatinot  rock,  thongti  its  peculiar  foMoli  occur  in  the  Iowa  put  d 
the  Oxford  clar.  It  reappean  in  YotkiMre  with  tiia  Mine  dinacta 
and  foeails  u  in  the  eouUi.  The  mariiotini  thifVnwiii  of  die  KeUw^i 
Bock  ia  80  feet ;  that  of  the  whole  Oxford  Gaj,  iuclnding  it,  <aBMt 
be  leM  in  aome  place*  than  600  feeL 

Charaeteriitie  FomU  of  At  Oxford  CIoy^-Tbe  foMila  of  tbe  OxfM 
clay  are  nutneroiu,  and  often  ret;  beantifnl,  the  ahells  bequeallr 
tetaining  their  iirideeceneo  from  having  been  packed  in  don  dif,  at 


roull  Qnnip  No.  U. 

CbanctHiitlc  PouUiof  tha Oifind  Clij. 

a.  Gryphtca  dllaUtiL  d.  Anmonlls  Juan. 

t.  Anatiiu  nudo^U.  l  AnunonJtei  ezeratOK 

t,  Aluii  compoilta.  /.  Balanmltw  hHtatoa, 

g.  LeptoIipU  mtcrophtliiliotu. 

being  converted,  like  those  in  the  Lia»,  into   brilliant  iron  pyritt*. 
The  following  list  includes  a  few  of  the  most  common  apedea ; 
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Jinndida  .    . 
Cnutaeea .     . 

Ckmehi/era 


O€uieropoda  . 


Serpnla  yertebralU 
Megacheirus  Pearcei 
Pollicipes  concinnus 
Anatina  imdulata 
Astaite  lurida  . 
OryphsM  dilatata 
Myacites  recurva 
Ostroa  ondosa  . 
Alalia  composita 
Ammonites  CaUoviensia 


cordatus 

excavatus 

Jason 

Lamberti 

modiolaris  (sablsvia) 


Fish     . 


Belemnites  hastatus 
— — — -  Puzosianos  * 
Nautilus  hexagonus  . 
Aspidorhynchus  euodus 
Lepidotus  macrocheirus 
Leptolepis  macrophthalmus 


Sow.  M.  C.  599. 

Ann.  Nat  H.,  1849. 

Sow.  M.  C,  647. 

Foss.  gr.  29,  d. 

PhUl.  G.  Y.,  t.  6,  fig.  2. 

Foss.  gr.  29,  a. 

PhilL  G.  Y.,  t.  5,  fig.  25. 

Ibid.       t  6,  fig.  4. 
Fofls.  gr.  29,  c. 
Tab.  View. 

Ibid. 
Foss.  gr.  29,  e. 
Ibid.     29,  d. 
Sow.  M.  C.  242. 
Tab.  View. 
Foes.  gr.  29,/. 
Tab.  View  and  Ly.  Man. 
Tab.  View. 

Q.  J.  G.  S.  voL  i.  p.  231. 
Ibid. 
Foss.  gr.  29,  g. 


0.  The  Ooralline  Oolite  was  so  called  from  the  abundance  of 
corals  contained  in  its  lower  beds  in  some  parts  of  Oxfordshire  and 
Wiltshire.  Like  all  the  other  calcareous  or  arenaceous  groups  of  the 
Oolite,  this  is  very  irregular,  and  subject  to  great  variations  in  character 
and  thickness.  There  is  a  pretty  close  general  resemblance  in  the 
TorkBhire  and  Wiltshire  t}'pes,  while  in  the  intermediate  district  the 
whole  group  seems  to  disappear.  It  may  be  divided  into  three  sub- 
groupe — 


c   Upper  Calcareous  Grit,  maximum  thickness  . 

b.  Coral  Rag 

a.  Lower  Calcareous  Grit 


>» 


»» 


t* 


»> 


Feet 

60 

60 

100 


^  o.  Hie  lower  beds  in  Yorkshire  are  a  series  of  grey  marly  sand- 
stones seventy  feet  thick,  passing  up  into  cherty  limestone,  covered  by 
sands  full  of  great  calcareous  concretions,  capped  by  strong  calcareous 
sandstones. 

b,  A  variable  group  of  irregular  masses  of  nodules  made  of  corals 
compacted  together,  often  earthy,  and  connected  by  blue  clay,  passing 
into  blue  crystalline  limestone,  alternations  of  hard  shelly  oolite,  and 
soft  perishable  limestone,  and  in  Wiltshire  a  rubbly  nodular  oolite, 
sometimes  pisolitic. 

c.  The  Upper  group,  obscurely  indicated  in  the  south,  is  in  the 
north  like  group  a,  but  more  ferruginous  and  less  cherty,  passing  up 
by  intercallation  into  the  Kimeridge  Clay  above. — {Phillips.) 

The  Coral  Bag  may  be  examined  in  Dorsetshire  and  Wiltshire,  in 


*  See  also  Hantell's  Medals,  Figs.  143  and  144,  and  description. 
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ShotoTer  HiH  in  Oxfordahiie,  or  on  Uu  eoMt  of  YcrtJiiia,  a^ 
SeaiboTOQgh  and  File^.    At  SliotoTer  Hill,  howerar,  ooBBdnalile  hwd 


I.  DelemniUa  ibbnvliliu. 


of  its  upper  part  took  place  before  the  deposition  of  the  Kimeridt 
Clay,  all  the  upper  calcareous  grit  having  been  removed. — (^PAHlii*) 

Characterittic  Fottiij  pf  Ou  CBralliiu  OoliU. 
Planlt .     .     .     CBTpoUthea  Bucklandi  .        Lind.  F.  F.,+ 189. 


CalamaphflHa  Btok 


eiplan 


Ibid. 


m  tubnlifera  Ibid. 

« arRchnoideB .         .  Ibid. 

Thec(i«mili><Cu70phyllis)uuiQl4ru  Fo«.  gr.  ZO,  a. 

EdtxTtodermtUa    AcnwalBnia  decoraU  Ibid.     80,  *. 

Cidaris  comnata       ...  Ly.  Mao.  387, 

florigemma  .         .  PhilL  Mao.  248. 
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nodermata    Hemicidaris  intermedia     . 

Nucleolites  scutatus  (dimidiatus) 
iacea  .     .    Gl3rpli>sft  scabrosa     . 
hi/era     .     (Jonioinya  literata     . 

Lima  (Plagiostoma)  rigida 

Ostrsea  gpnegaria 

Pecten  TimineTis 

Pholadomya  sequalia 

Trigonia  costata 
irapoda  •    Cerithium  maricatum 

Chemnitzia  Heddingtonensis 

Nerinsea  GkMxlhallii  . 

hieroglyphica 

Phasianella  (Chemnitzia)  striata 
alopoda  .     Ammonites  perarmatus     . 

— vertebralis 

Beleninites  abbreviatus 
.     .     .     Gyrodns  Cuvieri 

Hybodus  obtusus 


Tab.  v.,  and  Mantell's  Meds., 

Fig.  101. 
Phill.  Man.  244. 
Phill.  G.  Y.  vol.  i.  p.  170. 
Foss.  gr.  30,  e. 
Tab.  View. 

Ly.  Man.  393,  and  Tab.  View. 
Sow.  M.  C.  543. 

Ibid. 
Tab.  View. 
Foss.  gr.  30,  e. 
Tab.  View. 
Ly.  Man.  395,  and  Tab.  View. 

Ibid.  394. 
Tab.  View. 
Foes.  gr.  30,  /. 
Tab.  View. 
Foss.  gr.  30,  g. 
Ag.  Poiss.  foss. 

Ibid. 


D.  The  Upper  or  Portland  Oolites. 

This  division  consists  of  three  groups,  namely— 10.  The  Kimeridge 
' ;  11.  The  Portland  beds  ;  and,  12.  The  Purbeck  beds — the  two 
r  groups  being  only  known  in  the  southern  part  of  England, 
10.  The  Kimeridge  Olay  is  so  called  from  the  village  of  Kimeridge 
;he  coast  of  Dorsetshire,  a  little  west  of  St.  Alban's  Head.  It  is 
^ble  through  Wiltshire  and  Buckinghamshire,  where  its  maximum 
sness  is  500  or  600  feet,  but  it  seems  to  disappear  in  Bedfordshire, 
itingdon,  and  Cambridgeshire,  probably  owing  to  the  overlap  of  the 
wer  Greensand."  It  is  again  visible  in  Lincolnshire,  and  largely 
le  Vale  of  Pickering,  in  Yorkshire.  It  is  in  some  places  a  dark 
shaly  clay,  in  others  brownish  or  yellowish,  containing  bands  of 
or  of  calcareous  grit,  or  ferruginous  oolite,  and  layers  of  septaria. 
3me  places,  especially  in  the  district  about  the  Isle  of  Purbeck,  it 
mes  very  carbonaceous,  and  the  ''bituminous  shale  "  sometimes  passes 
layers  of  a  kind  of  brown  shaly  imperfect  coaL  Layers  of  a  parti- 
p  kind  of  oyster  (Ostrcea  ddtoidea)  occur  abundantly  in  many  places, 
ys  appearing  ^  in  broad  continuous  floors  parallel  to  the  planes  of 
ification,  the  valves  usually  together,  with  young  ones  occasionally 
irent  to  them,  and  entirely  embedded  in  clay,  without  nodules  or 
^s  of  any  kind,  and  without  any  organic  remains  in  the  layers."  * 


hiopoda 
\ifera 


Characteristic  Fossils  qf  the  Kimeridge  Clay, 

Rhynchonella  inconstans  .         Foss.  gr.  31,  a. 

Astarte  HartwellieDsis    .  Ibid.     81,  c. 

CSardiom  striatulnm  Ly.  Man.  385. 

Ezogyra  (Gryphsea)  virgula  .         Foss.  gr.  31,  b. 

•  FhiUipa'B  Man.  p.  811. 


BTBAnQBUmCAL  GBOLOOT. 


OrtlMdlltOidM      . 

(Lr.  UuL,  SSS:PfaiIL)L 
1          25^  and  TUl  Vum. 

Ptoni  gnuuUti 

Sow.  M.  a  347. 

Thnda  depTfwn     . 

F<>«.  gr.  SI.  d. 

TilEonl.  cUTdlutt  .        . 

Hid.      tO,d. 

CbemniUU  giguteL 

PatelU  btiMitu     . 

Ibid.      »,/. 

Ibid.      SI,  a. 

Ibid.      SI.  f. 

Sow.  M.  a  2»S. 

Ibid.       92. 

A8.PoiM.tni. 

Hybodui  >cnt<i>      . 

JM. 

7U.L 

Ow.  Biit  Am.  Bc]k. 

AM. 

Pliounnu  (the  geniu)     . 

Ibid. 

Ibid. 
Ibid. 

a.  RhynchniiplU  inroDitniu, 
c  AMmM  HutwclUcnilL 
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A  the 


11.  The  Portluid  Badi,  so  called  from  the  promontory  known  ai 
le  of  Fortland,  on  the  coast  of  Dorset,  have,  like  most  of  the  other 
ony  groups  of  the  Oolitic  series,  a  variable  composition.  They  con- 
st of  sanda  and  Mnds'tones  below,  becoming  in  tht:  upper  part 
IcareouB,  and  passing  into  limetitone,  which  is  sometimes  oolitic  Tbej 
«  therefore  divisible  into^ 

b.  Portland  Stone,  conaUting  of  white  oolite  &nd  beds  loolly  termed 
" Btonebraah "  and  "roch"  etc,  interstrstifled  with  clays,  and  contain- 
ing layera  of  chert,  about  60  to  90  feet. 
a.  Portland  Sands,  conflating  of  brown  or  jallow  unda  and  wndatones, 
aometimea  full  of  green  grains  ;  like  those  sfUrwarda  to  be  described  In 
the  Qreensands  ;  about  SO  feet. 


b.  Ptetm  lameUoiiu. 


Portland  Foaalla 

f .  TriBonla  gibbon. 
/.  Trlgonla  Incarva  (li 
■1  cast).  f.  NaticB  ekeuia, 

II  Cerittihua 


The  beds,  eapedallj  the  lowef  sands,  are  to  b«  seen  at  interrak 
'vplHDg  the  Otitic  hills  as  far  north  as  Oxfoidshire  and  Bucks,  where 


G42 
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thej  occnr  abont  the  summit  of  Sbotovcr  Hill,  and  in  tbe  nn^b 
hood  of  A;Fle>«bu.ry.  Thef  consiet  there  of  eondB  with  marine  fiHok, 
which  ore  "  iron  fajiii ''  with  fresh-wst«r  forms.  Farther  noRl 
eotirel;  disappear,  for  at  Ely  the  Lower  Greeiuand  of  tie  Cntit 
series  reata  diri^tly  on  the  Kimeridge  day. 

Tie  Portland  Bi'da  are  well  developed  in  the  Isle  of  Pnrf 
Hid  also  in  the  Vale  r.f  Wanlour,  in  Wiltshire,  where  IbfJ 
quarned  for  huildiiig-Blone  at  Chilmack,  and  in  tlie  oeiglibaa:? 
of  Tisbury. 


Chnraelerutic  FottUi  of  Vit  PorOmvl  Btdt. 


Fom,  gr.  St  ■- 

Sow,  M.  c.  m. 

PoM.  gr.  83.  t 
G.  ly.  2,  niL  a  p.  !1» 
Fom,  er.  S3,  i. 
Eknr.  M.  a,  8. 
mi.  238. 
Fow.  gr.  82,  i. 

/^"t        32,  (. 

Ihid,       32,/. 

I^d.      S2,  k. 

/«d.      S2,  J, 
Tab,  View. 

Sow.  M.  O,  56S. 
Tab.  View. 
Wright.  Fob.  K,  Pil.  J 
Ag.  PaL«s.  foss. 


CinliDin  diMimiln  . 
Llmi  abliqnata 
Ludna  Pottluulica 
Uodiola  paUida 
OMma  cipanu 
Pwten  lan.fllmin    . 


C'phidopnia  .  Aiinmoiiil«3  piganleu* 
Ec/iinodermala  Heniicidaris  Daviilsoaj 
Fiah     ,     .     .     Catunia  angnsttu   . 

Hybodna  strictiu    . 

lachyodua  TowDshBndi 
Reptila         .     Cetiosaunis  loogus 


12.  The  Purbeck  Beda  are  so  named  from  their  being  veil 
Veloped  and  clearly  exhibited  in  the  district  south  of  ibu  i 
estuary  in  Dorsetshire,  which  is  known  as  the  Isle  of  PurbecL 
difier  &om  all  the  Oolitic  series  below,  in  being  mostly  of  fresb-i 
origin.  They  are  from  that  circumstance  more  nearly  allied  it 
WealUen  beds  above  than  to  the  Oolites  below,  but  they  contain 
marine  and  other  species  of  fossils,  which  seem  to  link  them  t> 
Oulites, 

Not  far  above  the  top  of  the  Portland  Stone,  on  which  the  i 
limestones  of  the  Purbeck  beds  repose,  there'  occur  one  or  two  ' 
beds,"  as  they  are  called  by  the  qiiarrymen,  which  are  in  fafl 
Vi^tabte  soils,  including  the  roots  and  etems  of  fosail  plants,  tb 
niains  of  an  old  forest.  We  have  here  actual  lond-stirfsce*,  ' 
having  been  formed  over  the  marine  beds,  in  conseqaence,  ptobah 
the  gradual  ^Ui^&lvaa.  of  the  latter  above  the  eea,  were  salweijii 
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ted  beneath  fiesli-water  deposits.  The  latter  were  formed  either 
.  lake  or  in  the  bed  of  a  large  tranqml  river. 
The  Purbeck  beds  have  not  a  greater  thickness  than  150  or  200 
,  Thej  were  examined  and  described  in  great  detail  by  Professor 
rard  Forbes,  and  subsequently  by  Mr.  Bristow,  whose  observations 
,  be  found  in  Sheet  56  of  the  Horizontal  Sections  and  Sheet  22  of 
Vertical  Sections  of  the  Geological  Survey  of  Qreat  Britain,  in  the 
sr  of  which  every  bed  is  drawn  on  a  scale  of  1  inch  to  10  feet,  with 
lithological  and  palieontological  descriptions.  The  former  observer 
ded  the  Purbeck  beds  into  three  groups — Lower,  Middle,  and  Upper 
'hich,  without  any  marked  lithological  distinctions,  nevertheless  con- 
each  a  peculiar  assemblage  of  fossils.  Mr.  Bristow^s  section  of 
Istone  hill  contains  the  following  groups  : — 


BT. 


r 


He,' 


23 


T. 


20.  Upper  CyprU  clays  and  shales 

19.  Unio  beds  with  the  Crocodile  bed   . 

18.  Upper  broken  shell  limestone  (soft  burr) . 

17.  Chief  "beef"*  beds      .... 

16.  Corbulabeds 

15.  Scallop  beds  (white  roach) 

14.  Leaning  vein         ..... 

13.  Royal  (limestone) 

12.  Freestone  vein 

11.  Downs  vein 

.  10.  Cinder  bed  (mass  of  small  Ostrcea  distorta) 

9.  Cherty  fresh-water  beds 

8.  Marly  fresh-water  beds 

7.  Marly  fresh-water  beds 
6.  Soft  cockle  beds    . 
5.  Hard  cockle  beds 
4.  Cypress  freestone 

8.  Broken  bands 
2.  Soft  Cap 
1.  Hard  Cap,  with  dirt  parting  at  bottom 


46 
5 

19 

28^ 

33 

'4 

6 

5 
21 
12 

8 

8 

5) 

7 
60 

9 
34 
14 

6 
lOJ 


Feet 


69 


130 


>140 
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ILt  Worbarrow  Bay  and  Mewps  Bay,  an  irregular  dirt-bed  comes  in 
een  the  hard  and  soft  Caps,  but  is  not  seen  at  Ridgway  Hill 
:ding  to  the  Rev.  Osmond  Fisher.  The  whole  section  gradually 
thinner  from  east  to  west,  till  it  \s  not  more  than  175  feet  at  the 
r  place. 

t  was  in  a  little  band  about  20  feet  below  the  cinder-bed,  that  the 
remarkable  discoveries  of  several  Mammalian  remains  were  made 
[r.  Brodie,  and  afterwards  by  Mr.  Beckle8.t 

rhe  Purbeck  marble,  formerly  so  much  used  in  the  internal  decora- 
he  Portland  qnarrymenglTe  the  name  of  "  beef  **  to  beds  of  fibroas  carbonate  of  lime. 
Isle  of  Pozbeek  these  are  called  "  horae-flesb." 
^wart  JomrtL  GeoL  Sog.,  toL  xUi.  p.  961. 
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tian  of  cliDrcheB  and  other  buililings,  van  pH<c(ir«d  from  ^mob  i 
stoue,  coueisting  almost   entirely  of  compacted  fn^h-ntM  taiSih 


Purbeck  Fc 
;rophj-|U.  (t  BapnstointTgiiM  (f l)-i™>  "•> 

t  Aapldorhynchui  Fishpri, 
dwuitiil.  /.  Onniophohs  piisitdnu.  looth. 

a.  Plmnnternoii  oration. 


(Paludina  carinifern),  which  was  interstratified  with  the   Upper  C']*' 
clays  and  ahalea  No.  20.* 

CharacUritlie  Foiiilt  o/Uu  Purtedt  Bedt. 

FoM.  gr.  33,  0. 

Muitell'a  MhIs..  h.  >« 

G.  Tr.  2  6*r.,  yoL  it. 
)  G«aL  Suit.  Dwaik  iiL, 
)      and  L>-.  Uul  371 

Pom.  ([t.  SS,  6 
J  Lf .  Hu.,  Gk.  368.  k 

and  MauL  Mtdt,  Af.  ITl 


Danimsrilea  Filt 
££jinafernalii    Hemiuidaris  Purbeckeosis 
Arcba^uaiecus  Edwardiiii 
Cfpridon  tuberculata 
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ea  .     .     Cypridea  fasiculata 

Purbeckensis 

era  Cyrena  elongata 

Ostnea  distorta 
poda   .     Melanopsis  harpsBformis. 

Phjrsa  Bristovii 

Paludfna  carmifera 
.     .     JBahna  perampla    . 

Bupreston  stygnus 

CaraboB  elongatns  . 
i     .     .     Aflpidorhynchns  Fisheri 

Lepidottu  MantelU 

Microdon  radiatos  . 

Ophiopsis  breviceps 

Pholidopbonia  omatns 
}  Ooniopholia    crassideos 
'     '  \      diUan)       , 

Pleurostemon  ovatam  {CJielorUan) 

Macellodns  Brodiei  (Lacertilian) 

Nothetes  destructor 
€Uia     .     Spalacotherium  Brodiei 

Plagiaulax  Becklesii 


{Croco- 


»» 


Ly.  Man.  371,  b. 

Ibid,  375. 
Fobs.  gr.  33,  b. 
Tab.  View. 

Tab.  v.,  and  Ly.  Man.  338. 
Sow.  M.  C,  509. 
Brod.  Fo88.  In.,  pi.  v. 
Fo88.  gr.  33,  d, 
Brod.  Fobs.  In.,  pL  it 
Foss.  gr.  33,  e. 
Mantell's  Meds.,  fig.  196. 
Ag.  Poiss.  foss. 
M.  6.  a,  Dec.  6. 
Ag.  Poiss.  foss. 
Foss.  gr.  33,  /,  and 
Mantell's  Meds.,  fig.  207. 
Foss.  gr.  83,  g. 
Q.  J.  G.  a,  voL  X. 

2bid. 

Ibid, 

Ibid,         ToL  xiii. 


ossilB  Charaeteristio  of  more  than  one  Ghroup. — In  select- 
t>up8  of  species  that  are  pecnliarly  characteristic  of  certain  groups 
is,  certain  other  species  are  necessarily  omitted  which  are  charac- 
c  of  larger  parts  of  the  series,  being  found  in  almost  equal  abun- 
in  more  than  one  group, 
f  these  the  following  deserve  mention  :— 

Species  common  to  A  (Lias),  and  B  (Bath  Oolites). 

iopoda  ,  Thecidium  triangnlare  ranges  from  Upper  Lias  to  Combrash 
(Lycett), 

Species  common  to  A  and  C  (Coralline  Oolite). 
\fera     ,     Modiola  cnneata. 

Species  common  to  B  and  C. 

'jzoa       .     Thanjnastnea  concinna. 

odermcUa  Echinus  perlatum,  Hemicidaris  intermedia,  Nucleolites  orbicu- 
laris, N.  scutatus,  N.  sinuatus,  Pygaster  semisulcatus,  Pygurus 
pentagonal  is. 

icea  .     .     Glji)h8ea  rostrata. 

oa     .     .     Heteropora  ramosa. 

iopoda  .     R}'nchoDella  varians,  Terebratala  impressa,  T.  omithocephala. 

i/era  ,  Anatina  undata,  Gervillia  siliqua,  Isodonta  triangularis,  Lima 
duplicata,  Pecten  annnlatus,  P.  demissus,  Pinna  lanceolata, 
P.  niitis,  Area  aemnia,  Cucullsea  elongata,  C.  oblonga, 
Groniomya  Uterata,  O.  scripta,  Isocardia  tenera,  Litho<lo- 
mus  inclnsns,  Lucina  crassa,  Myacites  calceiformis,  Quens- 
tedtia  laevigata. 
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OaMmpoda  .    Abui&  triM^BslUdaasBla,  PfeB»>toBurugnBa!iu.F«79 
f'^p>^^llylrf■  .     Awtunites  miereceiihabai. 

S^«tM»  oommoD  to  B,  C,  and  D  (pEMtlond  Ootita). 

Species  common  to  B  and  D.  i 

fl^dfc(lW»  C^idtaua>liiatiiIuDi,  PCctcaaraialBi,  PbaladocijKtKtfi      1 


SoonAXDi — ntdics  of  Lms  and  Oxford  Clav,  maome  of  iiUdI 
flitm;  beds,  oocni  ben  and  there  on  &>»  vHaxida  of  Uoll,  ^je,B| 
EUmb;-,  Oumi,  etc^  as  «vU  m  m  parts  of  the  mainland  of  the  ottoi 
cuast  of  St-oUand.  Kear  Bnira,  on  the  fea.it  coast  n{  Snitc-laul'^'' 
locks  umilar  to  the  Lower  Oolites  of  Yorkeliin  are  fonad,  toot^aa 
aunilar  beds  of  impure  coaL*' 

IRBLA^'s. — He  onlj  beds  bdonging  to  tlie  Oolitic  series  in  IrIh 
are  9ome  black  Liaasic  ^lalu  which  are  visible  in  »ome  parts  of  iiOK 
These  occur  jost  at  the  top  of  the  red  maris  of  the  Trias,  and  «n  f" 
hably  the  basal  beds  of  Uie  Idaa.  They  do  Dot  anywhere  exceed  tiiiin 
or  forty  feet  in  thickness,  but  contain  oft«&  an  sbondance  of  cluaO* 
i£tic  Liu  foaaila.     (See  atiit,  p.  6I5.)t 

Foreign  Iiooalitiaa. 

Uhn  ibTadTbrainid  thai  OB  tbe  ContiDeDt  tbe  OtJitic  taim  a  aSti*  ^ 
Jnrutic  sehti,  bicans*  it  lorm<  the  Jnrm  moantuqB.     The  foUowing  dtxl 
of  tbt  bed)  ia  Out  diiUict  is  tbc  one  gjmi  bj-  H.  Jn]«  Mutob4     tl  a  n 
t,bie  that  altlKwgfa  tbf  Jm  monntains  ai«  at  leut  Stb  time*  tbe  lu^ht  i 
CoOan'cM  failli,  uid  oceapj  incac  tlun  G(e  timci  the  ana  of  tfa«  Oolitic  lUp^ 
Bnglutd,  yet  the  KtuJ  thiekness  oT  the  beds  is,  aoxmiiag  to  Manoa'i  i 
meati,  ooundenblT  iat  in  the  J  an  thu  it  is  in  Engluid.     In  ths  Jon, ! 
the)-  in  voDderfaltj  bent  and  mntorteil  into  folds  erf'  rrery  degiee  of  ni 
*o  ihu  beds  siiich,  in  some  puu  at  least,  do  not  much  ex»ed  lOOO  fast 
neai,  Demtbelen  mate  np  the  principal  manfrf  a  large  and  amplicUed  i 
chiin.    This  chain  is  (umpoaed  of  no  other  rocka  than  the  Jnrusic  tad  Ni 
bed*,  and  aevtrthdest  far  rnveds  in  hei^t  ind  importance  the  PilxOK 
tuBt  of  bi^aod,  FraiKc.  or  Genoanj.  j 

*  Snraptnlir  Sir  K  L 
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Feet 

'     XT. 

Oroupe  de  Salins. 

26. 
25. 

Calcaire  de  Salins     . 
Mames  de  Salins 

106 
11 

'^m 

X. 

Gronpe  de  Porren- 

24. 

Calcaire  de  Bann6    . 

132 

truy. 

23. 

Mames  de  Bann^ 

14 

TE, 

ft. 

IX. 

Groupe  de  Besan- 

22. 

Calcaire  de  Besan9on 

98 

9on. 

21. 

Mames  de  Besan^on 

16 

VIII. 

Groupe  Corallieiu 

20. 
19. 

Oolite  corallienne 

Coral  rag  de  la  Chapelle   . 

24 
82 

DIAN, 

VII. 

Oxfordien    sup^     | 
rieur.                    j 

18. 

Couches  d*Argovie    . 

98 

ft 

VI. 

Oxfordien     inf^- 
rieur. 

|17. 

Mames  Oxfordiennes 

48 

1 

16. 

Fer  de  Clucy    . 

16 

f 

15. 

Calcaires  de  Palente . 

20 

V. 

Groupe  du  d^parte- 
ment  de  Doubs. 

14. 
13. 

Calcaires  de   la    Citadell< 

(Besan^on)  . 
Calcaires  de  la  porte   d< 

65 

rRK 

w 

Tarragnoz    . 

83 

ITE,      * 

fl2. 

Marnes  de  Plasne     . 

10 

ML 

11. 

Roches  de  corraux  du  Fort 

IV. 

Groupe  du  d^parte- 

St  Andr6    . 

33 

ment  du  Jura. 

10. 

Calcaires    de     la     Boch< 
pourrie 

59 

te 

.  9. 

Fer  de  la  Roche  pourne 

83 

1 

8. 

Marnes  d'Aresche     . 

26 

III. 

Liaa  sup^rieur. 

7. 

Mames  de  Pinperdu 

48 

6. 

Schistes  de  Boll 

7 

ft. 

II. 

Lias  moyen. 

5. 
4. 

Mames  de  Cemans  . 
Mames  Souabiennes 

20 
43 

3. 

Mames  de  Balingen . 

38 

I. 

Lias  infi^riear. 

2. 

Calcaires  de  Bl^gny . 

15 

to 

(    1- 

Couches  de  Schambelen 

5 

1100 

'  these  groups,  M.  Marcou  identifies  his  Lias  with  our  Lias  generally.  He 
&tes  his  Oxfordien  infdrieur  with  our  Oxford  Clay,  believing  his  Couches 
3vie  to  be  unrepresented  in  England,  urdtss  by  Phillips's  gradations  between 
ilcareous  grits  of  the  Coral  Rag  and  Oxford  Clay  in  Yorkshire.  He  also 
ates  his  Mames  de  Bann^  vrith  the  Kimeridge  Clay,  and  believes  his  Groupe 
lins  to  be  the  purely  marine  equivalent  of  the  partly  marine  and  partly 
water  Purbeck  beds.  He  also  identifies  the  intermediate  groups  of  the 
with  the  intermediate  groups  of  the  English  Oolitic  series,  with  more  or  less 
ion.  M.  Marcou  gives  a  table  supporting  these  identifications  by  lists  of 
:teristic  fossils  found  in  most  of  his  twenty-six  subdivisions  of  the  Jurassic 

ranM  and  Oermany,  * — Other  authors  have  adopted  different  designations  for 

mt  parts  of  the  continental  Jurassic  series,  which  it  will  be  best  perhaps  to 

n  the  following  tabular  form,  referring  to  the  table  previously  given  at  p.  623. 

Pfrbeck  Buds,  not  identified  by  d'Orbigny,  Mames  de  Villars,  Serpulit 

Portland  Bkds. — Terrain  Portlandien,  calcaire  k  tortues  de  Soleure. 

Upper  white  Jura. 

^idt  '*  On  the  Comparison  of  the  German,  French,  and  Bngliah  Jura  formations,"  by 
Fraas.    Quart.  Joum.  GtoL  Soo.,  voL  vii.  pt  S,  p.  41 
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D  10.  Kmeatnait  CXat. — Tbituii  Kimeridgien.  arxilf*  ai^n  ^  Hah*! 
caire  a  uUrtea.  Part  ct  the  Ttsmin  Portlui'lieii  ol  Il»  puiii^i 
RwiBh  Jura,  Kho  o»U  thfl  lower  p»rt  Terrain  S^qnmi™  ;  p«l  li  ^^ 

C  9.  Coral  Rta.— Tamin  Cordlien,  Khsxtea  de  KUtban.  akni*  >  lii 
MiiMU  white  Jun.     fHu  litkogi^ihic  Di^  ol  Solentiata  m  UJ 

Ui  lielcinit  to  thii  group, ) 
C  8.  OmjBD  t'LiY. — Temuo  Oifordien.  tennin  i  chuHe*.    OiwWTV* 

}>rwu  K^k, SpoDKilcD  Ldger.   Partof  bn>m  Janind  Uwsiiil'i 
C  fi  a.    KFXAWitTS  EOCB.— TBrrsin  Cullo'neii,  Oxfoidiea  inliiricaT.   Patofll 


d  3.   Upfir  Lus. — Temio  Taarrisn.     PnsiJonamyeti-Khtcfer.  Jmnnia 

0)iiUlniU  Thon.     Uppar  bUck  Jura  and  lower  bmmi  Jnti. 
.1  3.  Uaxlvtosb.  —  Temta  Lianoi.     AmalUuen  Than.  Nnodnaki  ll 

Ui.1<tli?  hlnek  Jura. 

Ill-,  ktlkIf  LiiikslWM.  GryT'liJU-u-Kiill;.  L("f,-rl'lirt  .'on. 
The  Brat-nMBtianed  nani«  in  the  above  list  are  those  of  D'0rbijn7' 
la  travelling  across  Tnnce  and  its  boiden  within  the  liniita  o(  thf  G«d> 
Map  iif  Frailly  hy  E.  De  BonnmoDl  and  Du  Frasnoy,  the  English  pnlapit  o 
faU  to  be  struck  with  the  general  reaemblanw  of  the  Oolitic  and  rriuoc*" 
tions  to  those  of  hii  own  mnntry.  Although  it  is  always  onufe  Utruioi 
logioil  nseniblance,  yet  itappaara  certain  that 'there  is  a  wonderfol  {«io«l"* 
of  mineral  rhar«t«r  in  the  Me>oioic  rocks  of  Western  Europe.  Wlm,  b"» 
ve  pass  the  Jura  chain  and  approach  the  Alps,  the  Liu  and  otha  Joraw  " 
lirconie  completelj  m«taniarphased  into  claj  ilates.  mica  echista,  ind  p«"-' 
crystalline  limestone  |Alpen  kalk)  like  the  so-called  primary  Uiaeitooa  if  "^ 
raetamoq.hic  .lislrirts.  The  msin  mass  ot  the  Swiss  Alps  is  probaNf  o»P 
of  the**  nielamorphoMd  Oolitic  rocfcj,  and  it  may  well  be  douhttdrt^ 
part  of  the  Wdtlvni  Alp«  shows  any  but  a  very  few  rocks  of  gnata  ui<i<|i|Q ' 
the  Oolitic  Period,  althoo^  they  were  at  one  time  tappoaed  to  be  of  !"■•; 
"primitiw"  origin. 

Amrrv».-Str  C  Lyell  de«ctib««  some  ot  the  roeks  of  North  Amrt»" 
thoM  iif  the  Yorkshire  and  Sutherland  Odites.  They  coiuist  of  sandi  i^' 
Vitk  h»di  of  ooal,  ud  contain  nnmenras  plants.  Profesur  W.  B,  fcp" 
defribed  the  Biehmond  coalfieM  of  Virpinia,  which  contains  many  smb*  ^ 
ANal^-nnf  thirty  or  forty  feet  in  thickness — as  belonging  to  the  Ooliuc  t* 
It  appMn.  bnwm^,  ftvni  Manva's  (rtnioTy  qT  .Vn-cA  .4  iMnoi,  that  tl»  i^ 
(latiaa  of  thne  bnls  as  of  Oolitic  a^  is  ertoneoux,  aoii  lliat  they  an  mon  pn 
Tnastic  ^Kenprrt  thw  0.>litic.  Bat  Marcou  describes  uther  marine  OdIiW 
lA  exisIJi^  !■  Xew  MeJiico,  and  t>i  the  wtst  of  the  Rocky  Hountaioa,  tb<^ 
are  mr*  hrlMrol  lo  be  Ovtaceous.  Ur.  IX  Forhea  deacriba  lai^  j^ntl 
•»)  IMiTu,  on  the  wntmii  thle  ei  the  Andes,  lu  fanned  of  rocks  belmguf 
iVititic  lVv>d.  (VOBuIii^  iif  clirs,  shaJn,  and  limfatooaa,  with  nany  chinr 
iVtilw  f<«Ril«,  tat  iatMMnlibd  with  gnat  bed*  of  poipliyTy  and  pvphj 

tmdtA. — £n)«  cvAtaining  AaHDooitaa  and  othn-  fosnlB,  Ijka  than  of  I 
•  <t*0t.  J«m.  fiaL  Ac,  *oL  ML 


ssjr  3i3a:c;.  <^ 


■iriatiNi  miih  ctzis  t«i5»  nrmKLnmir  :^nL  mi  7uuis»  .'C  \Virtir  ^fOMn.*     W  ^W 

m-  BOith  of  ladiA  are  rz»:iL*3L  af  w  :if  tiil-jh*  nrursi  uii  'S(o.*iitf%7^  v  1^  vV'V:^.'' 

^  Mid  to  betr-tu  *:•  li*  iojztt  T«r:».-«L     P  Arrriofcr  q-i}.-cw  Xr,  iV^^-"*  *  ^Wi- 
lay  of  the  Geologr  vi  lxsL~'^  -vb:  »?t  ibis  i^  vV^ix'  mcm*  ^vT  l»Ii*  \\sm4»i» 


4.  ]>3i=>:c>2  tcarl*: 

1.  Tua  »zMi$v.'««. 

^The  Tara  sandstone  has  been  aJltd  K>tb  OM  and  New  1^1  SdOKUtvMMv.  X\  U 
1000  feet  thick  and  wjthoat  fowils.  bat  «eenut  to  )mM  np  into 

^The  Kattra  (or  Kuttrah>  shales,  to  which*  aixordin^  to  CuIm*.  th^  B\»i\\wiin 
and  other  coals  west  of  the  Hooghly  belong,  contain  plants  of  th«»  fivnora 
OlotfopUritj  TeatioptfriSy  Vfrttbrttn'tt,  Zamia,  etc  etc.,  t(^th<^r  with  tht^Mft 
of  other  genera,  as  CalamiUs,  Pfcojttmsy  Poacites^  and  J^fm*^^$ffhiiH  whtoh 
are  both  Garboniferons  and  Oolitic  genera. 

^he  Panna  sandstone  has  a  nuudmum  thickness  of  2000  feet,  ami  Is  ca|t)HHl  in 
some  places  by 

^The  Diamond  conglomerate,  which  contains  pebbles  of  saiuUtoiMt  aiul  quartii, 
and  occasionally  diamonds. 

^hese  two  last  groups  do  not  contain  fossils,  but  woro  bolievoil  by  Nitwltold  to 
laf  precretaceous  age. 

^tuiralia. — In  a  recent  exploration  on  the  western  const  Mr.  iln^^itry  itiN- 

'^Bnd  fossils,  such  as  a  Trigonia  and  Ammonite,  which  scriii  iiioro  Itkn  tiiiwi*  nf 

Oolitic  series  than  any  others.     This  therefore  londK  hoiiiu  siiinll  siippurl  to 

belief  in  the  Oolitic  age  of  some  of  the  coal-lMnls  of  NdW  Hnuth  WriU«N,  Vh<- 

and  Tasmania,  in  which  plants  have  been  found  which  woni  nup|h»n(mI  to  Im 

of  Oolitic  age.  t 

-Mretie  Regions, — St.  Anjou,  of  the  Russian  navy,-aMHortiwl  iiinny  yt*nrn  tufn  ihnt 
bad  found  ammonites  in  the  cliffs  of  New  Hilxjria,  in  north  Intitinlit  74.  Oihnrs 
''^  since  been  brought  home  by  Captain  8ir  I^ojNfhl  M't'lint^N'k  from  I'oliti 
^Icifl  in  Prince  Patrick  Island,  70**  2(/  north.  Oni;  of  th<i«n  hnn  bi*i*ti  cHlh'd 
^'^iMniUs  M^Clintockiy  and  compared  with  AmvumUfM  onuuivun  tit  thi«  l/owi«r 
^Itesof  France  by  the  R<-v.  Professor  HauKht^m.  Hlr  U.  M'i'\\u\4H'k,  i'nifinUt 
^■"md  Osbom,  and  Sir  £.  Belcher,  aIh)  found  |Kjrtions  ttf  l«:fiihyo(i(iiirii«  In  ih' 
Aons.| 


Trans.  GtoL  Hoc  />>iwf.,  vol.  v.  'M  iter. 

^  Jimm.  of  Bombay  hrftnrh  of  Atifilic  .'vjcUty. 

t  In  ToL  i-  p.  &,  of  H<j'ik«;r'ii  //ivutOf^on  J'fitn/tU,  will  V  Vi*iui\  %fttu*  *'f/'*H*f»t  f^uttt^n 
^  U^dcHiMfnl  DStnre  of  tb«  Krv\*iur*i  tut  v*  *-*rt,X^Ui\^rt»u»'i%y  '/f  ^m/U  t//  »i*  ^Ut^y^A  h'/u, 
^^IplsQts,  aD«I  tuim^ially  U>>Vm  1'/»»t'.  firtt*.  II*:  My«  ■•  "  kihot*^*,  »/•*  f4t»*ti  t*n**-*-^^,if^ 
'  fciMil  plsikts  that  I  \ax^  nxtuiu*:f\,  r^.^r*:  ift  hJtfl.y  «  «;«*'>f/i*fi  <««.//«./''•/  */*»*>/  ^f^f^h 
'•^icientlj  j*rfKl  U,  m*m:.*,  ti*  »*«  .rf.;.*.^/r.  u.a*.  U>^  tj^y  >*  ••,  »^;/  h  .*  -^  ///w/M  *^*,  *a 
^tfa  reo(^l$Disc4.  TUe  VrtAt-^^i  ^.<*(i^.-^»  »fc^.f.  /»/#>//'«•«  </•.  '/•^■^  %f^*'\A  m  ^»'^^*  '4 
iNdflc  idratitj,  an  Kfh  a^  ■//  y^AJ*^4*\  '•*r4.^»  %tfjn*u  %uji  m  yff^^t*^*  ***  h  *r>*  ;^m««>/^ 
Iqb of  eziati&f  pla&'U.  Tza.  tuz-^^t^.  *.rx^**  tM>iiM/,  v.  '^  '/  f»f^*i».v4*  '/*:/.».  «**  t^*^4.^*.,f 
tada  into  ;r«iier«  as^  tj-wi^i  v;  3Jrt-v.'i.-Ai  ^^/f%f.t  *4  U^  ifi.*\*f^*t*,  •^,...  -  *•*,  •iwt  **  •i'^ 
Mkm  of  ttrifif  j^d^ta.  * 


f  Thb  Cretacei 


CHAPTER    XXX^^I. 
OBBTAC&Oira    PERIOD. 


Thb  CrttarcoDs  Period  is  ea  colled  &om  the  Chalk  ^  Lltio,*! 
wlticb  vm  formed  during  a  part  of  this  time  over  a  Lup;  ml 
occupied  bjr  the  European  quarter  of  the  globe. 

We  bure  junt  seen  that  the  last,  deposit  whi«h  took  pUcc  illV 
British  Area  dnring  what  bat  been  caUed  the  Oolitic  Puiod  **4' 
|,&«h-wateT  or^pn.  The  fint  depoats  of  the  C^etnceoiu  Penod  "^l 
'  thit  area,  aceording  to  the  gronping  adopted  hj  Sr  C.  LjeU,  watil 
like  manner  fresh-water  deposits.  Professor  Phillips  gicnpi  ill  li»l 
fresh-water  depoaiU  together,  and  iucludes  them  in  the  Oohric  ntnaj 
Perhaps  the  be^t  way  would  be  to  interpolate  another  distinct  [0^4 
between  tho»e  called  Oolitie  and  Cretaceous,  and  to  include  in  il  ^ 
Purbeck,  the  Wealden,  aud  the  Lower  Greensand  deposits  ;  but  liu  !• 
Dot  yet  been  attempted,  and  it  might  possibly  be  attended  with  as  utf] 
difficulties  as  the  present  classification. 

On  both  petrological  and  palceontologieal  grounda  it  is  aiitisiMft: 
aepar&te  the  rocks  formed  duriug  this  period  into  two  large  ^iv^i 
Lower  and  an  Upper.     They  may  then  be  tabulated  aa  follows  : — 

F««. 

(  S.  Maestricht  snd  Faioe  beds,  Pisotitic  chalk    IiXl 
7-   Wliitc  Clulk,  with  (linM     .  .  up  to  lOOi^loriKfr 

Upper       J  S.  White  Chslk,  without  QinU  „       6W 

CretacdoOB.  j  S.  Chalk  rosrl 

I  4.  Upper  Qreensiiid 
(.3.  Qault 
T.^™.^-        (  2-   Lower  Greeasind 


.    Weijrieii 


"^  j  HflsliDga  Be 


^hs<« 


Thf  groups  5,  6,  and  7,  forming  together  the  true  Chidk,  in  it" 
most  important  and  persistent  members  of  the  series  in  Britain.  Tbcj 
spread  in  one  unbroken  range  of  high  swelling  downs  acrots  Enili*^ 
from  Dorchester  to  the  coast  of  Norfolk,  where  they  are  broken  ihrwii.* 
by  the  broad  estuary  of  the  Wash  ;  they  re-appear  ag»in  in  Linool^»llI'^ 
■tretching  from  the  Wash  to  the  Humber,  and  again  in  Yorfcsbirs,  ■b"* 
aey  rise  into  the  hills  caUed  the  Yorkshire  Wolda,  and  terminaW 
kWhite  cUfls  of  Flnmborongh  Head,  In  Wiltshire  and  Hampehire  *» 
"i^  is  ex^M^tA  iifiQ  'Ca£'«S&&  -os^Uttng  upland  called  Salitbu* 
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from  which  the  chalk  spreads  towards  the  east  until  it  separates 
feo  two  distinct  east  and  west  ridges,  one  called  the  South  Downs  run- 
Big  north  of  Brighton  and  terminating  in  Beachy  Head ;  the  other 
■led  the  North  Downs,  running  by  Quildford  and  Rochester  to  Dover 
^  the  North  and  South  Forelands.  Another  ridge  parallel  to  these 
h3t8  from  Dorchester  to  Purbeck  Hill,  and  traverses  the  Isle  of  Wight 
»m  the  Needles  to  Culver  Cliflfs.  Lstrge  outlying  patches  of  Chalk 
Kur  to  the  west  of  Dorchester,  the  most  westerly  being  near  Sidmouth, 

Devonshire.  It  is  in  the  south  of  England  only  that  the  group 
Ued  No.  1,  The  Wealden  Beds,  is  to  be  fouud,  chiefly  in  the  country 
(%ween  the  two  ridges  just  spoken  of  as  the  North  and  South  Downs, 
'  to  the  southward  of  that  which  runs  through  Purbeck  and  the  Isle 
'  UTight 

The  following  drawing  (Fig.  163)  represents  a  section  through  part 
t  tlie  west  coast  of  the  I^le  of  Wight,  where  the  Cretaceous  series  and 
of  the  beds  above  them  may  all  be  seen  in  the  space  of  about  a  mile.* 


^        y  •AC 

Fig.  163. 

Seetkni  throngh  Shalcombe  Down,  on  the  western  coast  of  the  Isle  of  Wight 

]L  London  clay     y  ^   .,  i  Feet. 

w«^^,     1  fTertianr  rocks. 

y.  Plastic  clay      )  ' 


/  Chalk  with  flintot    . 

t.  Chalk  without  flints  and  chalk  marl 

d.  Upper  Oreensand 

«.  Ganlt  .... 

ft.  Lower  Oreensand 

a.  Wealden  beds,  ezpotied  to  a  depth  of 


ISOO? 
900! 
100 
120 
800 
400 


A  similar  section  by  Mr.  Bristow  is  given  in  Sheet  56,  in  a  line 
inning  through  Purbeck  Hill,  in  which  the  total  thickness  of  the 
lialk  is  1400  feet,  and  that  of  the  Wealden  beds  also  1400  feet,  the 
^beck  beds  below  them  showing  196  feet{ 

The  Lower  Cretaceous  Books. 
Under  this  division  are  embraced  two  groups — the  Wealden  and 
le  Lower  Oreensand. 

•  This  secUon  Is  redaced  from  Sheet  47  of  the  Hor.  Sees,  of  the  Geol.  Sarrey,  drawn  by 
r.  Bristow. 

f  Tba  chalk  with  flints  has  been  made  mnch  too  ihin  in  this  woodcat,  and  that  without 
Bis  too  thick.    See  Whitaker,  Qyari.  Jown^  GtoL  Soc,  toL  xxi.  pp.  400,  405. 

I  8m  also  the  sections  on  the  margin  of  Professor  Bamsay't  Map  oj  Ei^Vond  aivi  WuXm. 
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1.  TIm  'Wttlima  Bad*,  m  called  from  Hieir  now  fonniiig  k  diA 
known  a*  the  Weald  of  Kent,  Snnejr,  and  Snaaex,  ocnuiit  of  k  pi 
Kiies  of  sandatonet,  shalee,  clajB,  and  nnda,  with  ■  f^  bedi  of  liffleak 
and  iionstone  oceaaionAllj.  Thej  are  often  fnll  of  huge  bagnenli 
drift  wood,  and  of  the  remains  of  &eah-water  ahelli,  and  of  Mme  fra 
water  and  some  land  animaLi  (reptile*).  In  geneial  ^tpeamwe  t 
Vealden  rocka  not  nnfrequeatlj  reaemUe  aoma  of  the  CoAl-noeadiKi 
the  true  Catbonifetoiu  Period.  The»e  bed*  niggest  a  delta  formed 
the  month  of  aome  laige  river,  whidi  brought  down  the  aweepii 
of  a  great  tract  of  dry  land  to  the  area  lying  between  Puriieek  a 
Boulogne. 

The  Wealden  rocka  are  commonly  divided  into  two  grtnif* — 

PMt 

b.  The  Weald  Clay      ....  600 

a.  Tha  Haatinfi!*  Sand  .  1000 


These  di^tinctiona,  however,  Beem  hardly  to  be  carried  ont  by  "^ 
preciae  line  of  demarcation.     Ilie  lower  beds  ate  more  arenaceoiu,0' 
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itrrlie  upper  more  argillaceoas  ;  but  great  beds  of  day  occur  interstratified 

jiaivtth  the  Hastings  Sands,  and  beds  of  sand  with  the  Weald  Clay.    It  is 

tzJWaHmble  that  these  beds  change  their  character  laterally  as  well  as 

z  JVlactlLyy  great  banks  of  sand  and  large  deposits  of  mud  having  been 

.^JOllDed  side  by  side.     The  sandstones  are  sometimes  impregnated  with 

jtjjnrbonate  of  lime,  so  as  to  become  calcareous  grits,  and  small  beds  of 

-;  idmestone  (forming  Petworth  or  Sussex  Marble),  chiefly  consisting  of 

^Ikwb-water  snail  shells  (Paludina),  occur  here  and  there  in  the  clay. 

■^  'Iioesl  names  were  given  by  Dr.  Mantell  to  the  diflerent  parts  of  the 

jjcfTealden  series  in  different  places,  as  Ashbumham  Beds,  Worth  Sands, 

nigate  Beds,  Horsham  Beds,  etc.,  the  Ashbumham  Beds  being  the 

^',lowe8t  of  the  series. 

Mr.  Drew,  late  of  the  Geological  Survey,  has  described*  with  more 
precision  the  greater  part  of  the  formation  as  it  exists  around  Tunbridge 
WellB,  and  has  since  treated  of  its  most  easterly  extension.  His  classi- 
fieation,  which  is  adopted  on  the  maps  of  the  Geological  Survey,  is  as 
follows : — 

Feet. 
^  5.  Weald  Clay,  with  some  local  beds  of  stone,  10  feet  thick  near  Hor- 
sham, and  hence  called  Horsham  stone,  lying  about  120  feet 

above  the  base  of  the  clay 600 

'  4.  Tunbridge  Wells  Sand,  with  a  bed  of  clay  called  Grin- 
stead  clay,  sometimes  50  feet  thick,  coming  in  towards  the 
west  between  the  Upper  sand  above  and  the  Rock-sand  below  150  to  200 

3.  Wadhurst  Clay,  with  one  or  two  little  beds  of  sand,  a 
shelly  limestone,  formed  of  Cyrena,  and  a  band  of  clay- 
ironstone,  once  largely  used  for  iron-ore 

2.  Ashdown  Sand,  like  the  Tunbridge  Wells  sand,  and  con- 
taining subordinate  beds  of  clay  and  ironstone 

1.  Ashbumham  Beds. — Mottled  clays,  shells,  and  sandstones, 

sometimes  with  layers  of  limestone ;  the  bottom  not  shown         .     330 


u 


I 


100  to  160 


160  to  250 


Characteristic  Fossils  of  the  Wealden  Beds. 


PknU§  . 


C&nckifera 


Gasteropoda 


Clathraria  Lyellii   . 
Endogenites  erosa  . 
Equisetum  Lyellii  . 
Lonchopteris  Mantellii 
Sphenopteris  gracilis 
Thuytes  Kurrianus 
CjTena  major 
— —  media 
Mytilus  Lyellii 
Unio  Valdensis 

Mantellii 

Cerithium  carbonarium. 
Melanopsis  tricarinata 


Mantell's  Meds.,  ch.  vi. 
Foss.  gr.  34,  a. 
Mantell's  Meds.,  Ag.  12. 
GeoL  Tr.  voL  i.,  2d  ser. 
Ly.  Man.,  fig.  347. 
Mantell's  Meds.,  fig.  62. 
Geol.  Tr.  vol.  iv.,  2d  ser. 
Foss.  gr.  34,  b. 
GeoL  Tr.  voL  iv.,  2d  ser. 
Tab.  V.  and  Ly.  Man.  fig.  344. 
Foss.  gr.  34,  c. 

Geol.  Tr.  vol.  iv.,  2d  ser. 


*  Quart,  Jowm.  Geol.  Soc.t  xviL  p.  27L   Memoir  on  Sheet  4  of  the  Geological  Survey  Map 
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KeritiDa  Iltkini  . 
Pilodina  flutTorQiii 
SoBeieDsis 

.     Cypridet  VJdBDWj 
BstlicTu    KSiipHea,   v«r. 
qnadniM 

.     GTTodiu  Usntdlii . 
Lc{Nd<itiu  nctooi   . 
PycnolnB  ManlaUii 
Hfbodiu  mbcariiutiu 
Cetiouunu  bnvii  . 
Clidoiu  Bellii 
Goniopholif  cnuaiileiii 
+  HjlnciKiiinu  Owenii 
l^Diknodon  3liuiteIUl 
PlenxUctylus  Cliftii 
SIreptmptmdyliu  m^r 
TrMoMHnon  BiikvreUii 

.     Pttooniia  CUfUi 


OLOGT. 

Geo!.  Tt.  >MLi.„ilie  ■ 

F-w*.  /r.  Si.  J- 

TaK  Vi*«. 

Fws.  gr.  54.  *  l«p!Wl 

fi^B.                     > 

n,....j 

ow<iii,iu.p.ieatf«.« 

MutUOTBTiLlM^'i-ti  ' 
HantaO'i  IMft.,  If.  ML  ^ 
( 0««<n,  OdoBt.  p^aaiiKj 
(      Us  »■  f 

Uuitoll'a  Hb1«^  a.  a*. 

lUd.     TO.  la 
0«.  Brit.  As.  n  , 
UmiUOI'*  Mall.,  %  la 


2.  ThB  Irf>ireT  Qreensand  I  is  best  wen  at  AlherfJd  and  f^M 
places  in  the  lele  of  Wight,  and  at  Hjlhe  and  Folfcestnne  on  ihe  lat 
of  K«-Jit     Ib  the  latter  district  it  consiflfi  of  the  following  bedi : — \ 

fit, 

4.  Folkestone  Beds,  rand  *ilh  Ujire  of  calcareous  grit  .        .     II 
3.  Sandgnle  Beds,  greetiish  cUycf  sand        .         .         .         .        .        .     9 

5.  Hrthe  Buds  (Eeatiali  Rn^),  alteniBtioiiE  of  sandy  limestone,  ami  nths        I 

rnJaireoiii  sand ...      * 

I.  Alherfield  Clay,  brown II  ; 

These  diTisiona  vary  1>oth  in  character  and  thickness  westmid,  ol  J 
No.  3  is  sometimes  absent  In  Surrey  the  total  thick&Gfs  b  a^ 
grentfT.  The  clajs  are  sometitnes  ejicellent  fullera'  earth,  60  fwt  it 
thickness,  and  are  most  almndant  in  the  lower  part  of  the  iimi»Bia, 
the  upper  being  almost  entirely  cands.  The  general  colour  i 
brown,  sometimea  red,  and  the  sands  are  often  bonnd  tji^ther 
abnndonee  of  oxide  of  iron,  from  which  the  fomiatiou  was  fonot^ 
callcl  Ikiu  Sand.  It  has  also  been  called  Sbanklin  Sand  from  i 
in  the  Isle  of  Wight.  It  derives  its  name  of  Greensand  &odi  Ita 
e  of  a  number  of  little  dark  green  specks  (silicate  of  iron) 

o  abundant  as   to  give  a  greenish  tinge  Ic  Home  of  A* 
beds  ;    but   the   term   "  green "   is   generally   quite    iuapplicnUe 
detefiptien,  though  it  still  lemains  as  a  commonly  received  naau.    Til 

'  Dr.  Utntrll'*  TiifaU  Fimli,  and  fTonden  otCtoliin- 
t  a»  aUa  fwen't  PaJiTBuMe^,  sad  Backlaud'i  Bri^fKinUr  Trraliit. 
t  For  a  detsllnl  iwHiinii  of  chli  (omuUiini  in  VBrtau  pani  oT  Kn^luit.  hi  Dc  I 
papn.  TrriMt.  Ilnl.  Stc,  wi.  S.  foI.  It.  f.  lU. 


CBKIACBOtIS  FEBIOD. 


656 


die  formatioii  in  Britain  is  veiy  varioiu  in  cbanctei  and  tMclOMt^ 
maximiim  being  843  fe«t  in  the  Isle  of  Wight* 
The  beds  immediatelj  sbove  the  Weald  Clay  gbow  •ometime*  t,  sort 
[HSMge  lithologicall}',  as  if  portly  made  np  of  those  below,  while  tho 
ula  are  qnit«  diitinct,  being  entirel]'  marina.  It  appears  that  a  itu- 
ianon  had  taken  plaM  and  allowed  the  eu.  ta  flow  over  the  nrua 
licli  had  been  previoasly  covered  with  fresh  water.     The  ebani[e  may 


FokU  Crnsp  3 
c  Ttnbntsli 


f.  AiKflrirmt  iilipM 


na  be  one  of  cnnditi'Viu  ntthnr  than  'mK  '4  tiyai.  Sh^a' 
ppoeition  i>tr«n;rth-ir.^  l.y  ihft  UeX  lA  th*  >iini*3  'A  ihi  lyaaMi-l/fp. 
aHUttii  \ieui;;  foii&d  in  th«  l/.wa  Oriwtwftf^!,  "hfiTrifty  ihv.  th*  i(P*»t 
ptile  ttill  livHi  '>n  •r.aut  b'ii^^hr.Tirinif  UikI,  add   iftt.'.  ati  'r^-jwif.thU 

At   itD   nrrnh-w4M«ii)   r,nl<rT'ip   'ift   Osfvrd-thirn,   Bn>-.lr;n:^ut»whir», 
edfonUhire,  «nd  X'^-Ik.,  ti»i=t  t'lTTMOi'.-tt  c/Mi^tt  'rf  trtAil,  ',ft*ft  with 
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iiiMii  I  ot  ina  mad«ione.     In  6«riufaire  it  ocean  vaia  ife  In)  <■ 

fniH)  niAiUG  bedf,  h  deaaibed  bjr  Mr.  Godwin  AnstoL* 

Q.  J.  G.  a,  reL  u. 
Faa.gr.  »S^^ 
H.  G.  a»  I>(c  *. 

Tkk  Vinr. 

FoN,  ET.  as,  k 

<k.  J.  O.  a,  toL  L 
Sb*.  K.  C  447. 

F«*.  sr.  SSwA 
AmL     SS,>. 

S™.  JL  C.  «. 

T»V.  V.  snrlLf.  MilL.b 

Tih.  Wew. 

Fo«.gT.  35,/. 

T.h.  Vie«. 

Sow.  U.  C  S3, 
(  T»hL  V.  »od  PhOL  Hu 
i      2S6. 

G»L  Tr.  »dL  It,  2d  « 

T»b.  Vww, 

Foss.  gr.  S5.  p. 

Mantrll's  1I«L,  fie.  U) 


Reqaiaiu  (IHcau)  Lonadaldi 
^■tum  fomfUM  . 
TbAB  aiBoT 


RrftOa 


Bdwuniws  .liUWi™ 
Xutiliis  pbntu    . 


Tb«  TTppor  Cretaoeooa  Bockn, 
S.  Qsnlt. —  This  is  a  $dff  bint  claT,  oflen  Ds«d  for  bricknil 
It  rm  he  teai  very  well  U  Cuubridge  and  at  Folkestone,  a 
varif'U.:  p)aM«  bdow  ili#  eawpmeiiu  of  the  chalk.  To  the  nor 
CMiibr>)^««hire  it  Etrrtdies  into  Norfolk,  but  disapp««T«  vhn 
~  Rol  Chalk "  srti  in.  Tbe  fossils  in  it  an  ofUa  beaotifollj 
MTved,  as  in  other  siniilar  claj-s,  havii^  been  well  packed  and 
lecled  fiom  atmospheric  or  other  inflnenK^ 


7) 


Firmmimi/fra 


Ciamttfri^ie  Fotnii  of  On  GmiU. 

Cnihiu  Bonrfaulii  Br.  Fom.  Or, 

CrckwyalliBi  Finoei  Tab,  Ticb. 

Trorlkocntiiiu  coiiahii   .  Foe.  gr.  36,  a. 
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Hmoa.     . 

Br.  FoM.  Cot. 

11.  0.  S.,  1>K.  E. 

GeoL  Tr.  vol.  It. 

mdida 

So*.  M.  a  599. 

iMaeta 

t  Tib.  v.,  Hd   Htnt.    Hcd 

fig.  168. 

vMfin     . 

T»h.  View. 
Foa.  FT.  36,  i. 
T^b.  View. 

Nncnla  pectiiuU    . 

Fo«.  FT.  86,  t 

ito<!p«&>   . 

Tib.  View. 

Natica  Oaultint      . 

Tbid. 

Rortellah*  carin«t« 

FoM.  gr,  »,  rf. 

Bcmlori.  Oanltina   . 

/»<1      86,1!. 

Tab.  View. 

ropcda      . 

Fo«.  gr.  «,  / 

AmmoDltei  deuUtiu 

Tab.  View. 

;^ 


ttKsie  which  htrt  received  the  nune  of  *  GreeosMii 
aod  thr  sonlh-rnvft  vt  En^-laod  the  upptf  part 
HoDe  or  grit,  with  muiT  t«ihl!  and  lav^i?  of  cherl. 
Uie  Fucstune  of  Sqrvt,  vh«re  it  i>  v{>Tke<I  «t 
1>«>W3  neu  '^ub^ii.    \&  '&>m,\ekii«  the  MnddUne 
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d  white  in  colour,  so  much  so  as  to  be  easily  mistaken  for 
e  hard  beds  of  the  Lower  Chalk,  into  which  this  Malm  Rock 
!allY  called)  seems  to  pass  in  a  northerly  direction,  so  far  as 
aracter  is  concerned.     A  thin  bed  of  phosphatic  concretions, 

probably  coprolitic,  and  therefore  Taluable  to  the  agricul- 
merally  met  with  between  the  Firestone  beds  and  the  lower, 
oi  the  Chalk.  This  band  of  Chloritic  Marl,  as  it  is  called, 
id  to  the  latter  series  by  Edward  Forbes,  from  the  first  ap- 
1  it  of  Scaphites  and  other  chalk  fossils.     It  has  been  sur* 

the  Upper  Greensand  may  be  in  part  a  shore  deposit,  and 
onteiuporaneons  with,  rather  than  preceding,  the  lowest  beds 
k  ;  but  wherever  the  two  are  together,  we  always  find  the 
ensand  underneath  the  Clialk  MarL  In  Cambridgeshire  the 
3eiLsand  is  often  not  more  than  nine  inches  thick,  but  it 
wards  the  west  and  south,  and  in  Wiltshire  and  the  Isle  of 
)yer  1 00  feet.  In  the  latter  place,  and  in  Dorsetshire  aud 
J,  it  consists  largely  of  sandstone,  with  layers  of  chert. 


Characteristic  Fossils  of  the 

.     Chenendopora  fungifonuis 

Siphon! a  pyrifomiis 

Verticillites  anastomosans 

Micrabacia  coronola 

Parastraea  stricta*  . 
tta   Catopygus  carinatus 

Diadenia  Bennettiao 

Discoiilea  subnculus 

Echinus  granulosus 

Salenia  peraonata    . 
.     Vennicularia  concava 
.     Rhynchonella  latissinia 

Terebratella  pectita 

Terebratula  biplicata 

Terebrirostra  lyra  . 
.     Area  carinata 

Canlium  Hillanunj 

Cucullaea  fibrosa     . 

Exogyra  columl^a   . 

Gryj»}i«a  vefticulo8a 

PeKen  quiiiquecoslatuj* 

Pectuijcului»  bublarvis 

Tlietis  major 

Tri^onia  tUclalia 
.     Action  atfinU 

Natica  Gentii 

TurriUrlla  graoulata 

Amui'ftntt:*  auritUK 

— — ^—  roKtntu* 

EdapfaodoD  Sei^icki 


Upper  Greensand, 

Foss.  gr.  37,  a. 

Tab.  v.,  aud  Ly.  Man.  820. 

Mant.  Med.,  fig.  70. 

Foss.  gr.  37,  b. 

Br.  FoHS.  Cor. 

M.  r,.  S.,  Die.  1. 

Ibid.     Dec.  5. 

Ibid.     Dec.  1. 
Foss.  gr.  37,  c. 
Tall.  View. 
Tab.  View. 
Dav.  Cr.  Brach. 
Tab.  View. 
KoHs.  gr.  37,  '/. 
Ly.  Man.,  Ilg.  323. 
Sow.  M.  C,  44. 
Tab.  View. 

Vnd. 
Fow.  gr.  37,  e. 
S^iW.  M.  C,  '6m. 
Tab.  Vi*'w. 
Yo^M.  gr.  37,  /. 
B*yw.  M.  H.,  513. 
Tab.  View. 

IhuL 

BryW.    M,  C,  Sr 

Tab.  Viitw. 
F'/te*.  gr.  37,  u- 

}  A'/.  »j>.  I'vi*<.  V'Ao^,  yl  40,  f. 
<       17.  Ih. 
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Rtjitila    .     .     Protessor  Sedgwick,  at  tha  meeting  of  th»  British  A      . ..  _    _ 

Oxford,  gave  lui  ucuunt  of  llie  wandarful  reptfliu)  rimM  It 
tbat  had  been  lately  dincovraud  in  the  little  stam  of  Uk  Cpptf-  j , 
GrecDSHjid  at  Cambridge,  and  of  their  determinati'iit  byPr*- 
feasor  Owen.*  Amoog  tbem  vere  remaios  of  Dinoonrink 
annlogODS  to  ths  Iguanodm;  of  Tdeonattmi ,-  /rAMygaim^ 
five  or  sii ;  Pliotaiavt,  one  ;  and  \ea  species  of  /terodaoili, 
varying  In  size  from  that  uf  a  pigeun  or  Madagasfai  tat,  i^  » 
one  with  a  sjiroad  of  wing  25  feet  acmu.  There  were  ito 
fipsciea  of  Turtles,  large  and  amall. 

Binii  ...  la  aildition  to  these,  the  bones  a!  two  species  of  binJa  had  bs> 
discovered,  which  muiit  have  been  about  the  size  of  a  tign"^ 
but  lieloQged  to  the  oidet  ^alalarea,  and  were  periupi  iQi'J 
to  gulls. 

The  Chalk.— Over  the  beds  thus'desoribed  extends  the  great 
tios  of  the  true  chalk,  the  BubdivisloiiE  of  which  may  be  thus  desciibei:— 

6.  Chalk  MarL  —  The  top  of  the  Upper  Greensand  l>ec(inits  aisiJ- 
lac^ouB,  and  paaaeD  upn-arde  into  &  pale  hufl'-coloured  nuirl  or  argUlwMgi 
limcatonc,  Bomctime8  of  sufficient  coiuiBteucf  to  he  used  as  a  builiW 
itone.  This  in  its  higher  portion  begins  to  lose  the  ar^Ueeoni  ^- 
lacter,  and  graduollj  passes  into  the  soft  white  pulverulent  liiae<Jta 
familiar  to  every  one  ai  chalk,  lu  Bedfonlshire  and  Buckingbainslu 
has,  however,  a  WKll-marked  top  bed,  known  aa  the  "Totlemhoe-etoT; 

_  e.  'White  Ohatk  witboul  TUata. — This  ia  a  great  mass  of  toft  ta^ 

often  pulverulent  limestone,  thick-bedded,  the  Etratification  ofia: 
obacure,  partly  from  the  obliteration  of  the  bedding  planes,  panlr  f^' 
the  abundance  of  quadranguliir  and  diagonal  joints,  the  euHacti 
which  are  often  weather^ Ktaiued,  diity  green,  or  yellow.  Kodolar  hsiii 
of  iron  pyritcB,  radiated  internally,  are  frequent  in  it,  and  by  tiwir 
decomposition  produce  maty  stains  in  the  rock. 

7.  White  ohalk  with  mnts. — There  are  no  lithological  disdnc^ 
tions  between  the  Lower  and  Upper  Chalk,  escept  the  occnrrenw  ^ 
the  latter  of  rows  of  nodules  of  black  flint,  and  occasionally  of  mW 
and  layers  of  the  same  Hubstasce.  These  occur  either  along  tlw  plui* 
of  stratification  or  parallel  to  them,  so  that  they  point  out  deartv  lis 
or^na!  bedding  of  the  rock.  In  Yorkshire  and  Lincolnshire  there  w 
red  layera  in  this  division,!  as  Is  also  the  case  in  Northern  Genoanf 
to  a  much  greater  extent. 

It  is  rare  to  find,  either  in  the  Upper  or  Lower  Chalk,  anythJig 
but  pnre  limeBtono  or  pure  flint  Little  pebbles,  however,  eomclii** 
oceur  in  it,  probably  carried  by  the  roots  of  plants  ;  and  in  a  clit ' 
little  east  of  Dieppe,  I  once  observed,  in  the  heart  of  tbe  Upper  Oult 
a  little  band,  alwut  8  inches  thick  and  30  feet  long,  of  brown  cby 
marl,  perfectly  iuteratratified  with  the  Chalk,  and  not,  as  it  seemeju- 

Sfis.  J  lUd.  --• "-"^ 
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,  connected  with  anj  pit-holes,  bj  which  it  could  have  been  ewept 
&oni  the  mrface.  Mr.  Oodwin-AuBten  haa  described  the  occurrence 
a  Wge  boulder  of  gmiite,  apparentlj  of  ScandinaviAU  origin,  which 
s  found  in  the  Cb^  near  Croydon,  and  othei  extianeouB  fngmente 
;h  there  and  elsewhere.* 
Although  the  Chalk  and  the  Carboniferoias  Limestone  are  so  differ- 


lU  Onup  No.  3$.— Lower  cti&lk  Fi 

a.  Auachrtn  lali^obiwu.        d,  Uioa  BopnL  t.  Saphltn  cqoalli. 

b.  SkjathooMt  GnTlBTt.  «.  AuiooiiiUa  nritui.         K  TtirriUtM  oottatiu. 
c   tuKenmoa  mjtUoid«L  /  BacnUtca  uicflp*. 

t  in  texture  and  induration,  there  is  jet  a  certain  resemblance  in 
e  forms  of  the  countrj  they  produce.  Their  hills  have  equally  broad 
idulating  grassy  downs,  the  escarpments  of  which  are  quite  smooth 
the  chalk,  while  they  are  notched  into  steps  in  the  Mountain  Lime- 
one.     Their  valleys  are  alike  marked  by  scaun,  and  tota,  and  pin- 

•  Quart  J'hth.  OoL  Sk,  toL  iIt.  p  US.  tlia  bert  uennnt  of  tlu  angeeHton  of  bad! 
the  Chilk,  lo  ■  llmlteil  dlitrict,  ii  In  the  uliiilnble  ptpu  b;  W.  FtUKpi,  Od  tlia  Chalk 
iA  of  Dour  (7nMii.  Cwl  &«.,  hi.  1,  »oL  t.  p.  17,  1819  ;  reprinUd  In  Conjboire  ud 
lilltp*')  Oaillsu  «f  Oalan  if  Siwiand  and  WaiiM).  In  Dth«r  puti  the  eompOMBt  btda 
(B  to  to  dllbnnC  (Whltkkgi,  Quirl  /own.  Oml.  See.,  ToL  nL  p.  9M). 
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nades,  m  any  one  may  aee  by  oompBring  tha  fonns  of  th«  neb  od  1 
udes  of  the  vallej  of  the  Seine  with  tboM  in  the  vttUejv  of  DctIitiU 
The  forms  are,  of  course,  bolder,  laiger,  utd  more  dtmUe,  in  the  bt 
than  the  former. 

CkaracUritlie  FomU  of  the  ChaUe. — Theae  are  Tory  nqmem 
certain  forms  being  found  more  or  leee  eomnum  throoghont  the  Chai 
And  Bevei&l  being  common  to  the  whole  Upper  Cretaeeoa*  Mries,  bi 


(o.  IS;— OpptrCluIk  FohUl 

L  Cnnla  EgiubRgEiiBfa. 
i.  OonluUr  Pukinaonl.  /  TcnbntoU  oimca. 

t  0«lerit«i  •ItogKlerai.  f.  iBoceninni  l.unTekU. 

d.  MiciuUr  cor-uigiiiiiain.  K  Fectan  nltidiu. 

i.  BslemnltelU  muorouU. 

the  Gaalt  to  the  Upper  ChalL  It  appean  that  it  is  possible  to  kW 
two  lists  of  fossils,  one  set  being  either  pecolior  to  the  lower  fvld 
the  chalk,  or  moet  abundant  in  it ;  the  other  set  being  equally  confix^ 
to,  or  moat  common  in,  the  upper  part  of  it  It  aeems,  howem," 
me,  to  be  the  best  for  the  sake  of  reference  to  anite  the  two  lisb  ti^ 
which  Mr.  Baily  has  supplied  me,  appending  to  each  apedee  a  U.  ^ 
the  Upper  Chalk,  L.  for  the  Lower  Chalk,  and  M.  for  the  Chalk  lUA 
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Ses  .     . 


}^ifera. 


oa  .     . 


lermaia 


da  .     . 
sea  .     . 

op(xla  . 


fera     . 


Choanites  Konigi,  U. 
Ventriculites  decurrens,  U. 

radiatus,  U. 

Bulimina  obliqua,  U. 
Cristellaria  rotulata,  U.  . 
Dentalina  gracilis,  U. 
Rotalina  ornata,  U. 
Ccelosmilia  laxa,  U. 
Stephanophyllia  Bowerbankii,  L. 

Ananchytes  ovatns,  U.     . 

Ananchytes  snbglobosus,  L. 
Bourgueticrinus  ellipticus,  U. 
Cardiaster  grannlosus,  U. 
Cidaris  perornata,  U. 
Discoidea  cylindrica,    L. 
Gralentes  albogalerns,  U. 
Ooniaster  Parkinsoni,  U. 
Marsupites  omatus,  U. 
'  Micraster  cor-anguinum,  U. 
Salenia  Austeni,  L. 
Serpola  amphisboena,  L. 
Enoploclytia  Sussexiensis,  L. 
Heteropora  cryptopora,  U. 
Lnnulites  cretaceiis,  U. 
Crania  Ignabergensis,  U. 

ParisiensLS,  U.     . 

Magas  pumila,  U. 
Rhynchonella  Cuvieri,  L. 

octoplicata,  U. 

Terebratnla  camea,  U.     . 
Terebratulina  striata,  U. 
Exogjrra  conica,  U. 
Inoceramus   Brongniarti,  U. 

Lamarckii,  U. 

mytiloides,  L. 

Lima  Hoperi,  L.     * 
Ostnea  frons,  L. 

vesiciilaris,  U. 

Pecten  Beaveri,  L. 
nitidus,  U. 


opoda   . 
'opoda  . 


Tab.  V.  and  Mant  Med.,  fig.  75. 
Tab.  V. 

Ly.  Man.,  fig.  318,  and 
Mant  Med.,  fig.  81. 

Mant.  Med.,  fig.  109. 


Brit.  Foss.  Cor. 

Ibid. 
Tab.   V.    and 
Mant.  Me<i.,  fig.  101. 
Foss.  gr.  38,  a. 
Dix.  Foss.  Suss.* 
Tab.  View. 
Dix.  Foss.  Suss. 
Mem.  G.  S.,  Dec  1. 
Foss.  gr.  39,  c. 

Ibid.     39, 6. 

Ibid,     39,  a. 

Ibid.     39,  d. 
M.  G.  S.,  Dec.  6. 
Goldfuss. 
Mant.  Med.,  fig.  169. 

Mant.  Med.,  cut  70,  fig.  1. 
Foss.  gr.  39,  «. 
Tab.  View. 

Tab.  V.  and  Ly.  Man.  300. 
Foss.  gr.  38,  b. 
Tab.  V.  and  Ly.  Man.  299. 
Foss.  gr.  39,/. 
Dav.  Brach. 
Sow.  M.  C.  605. 
Ibid.        441. 
Foss.  gr.  39,  g. 

Ibid.     38,  c. 

Ibid.     38,  d. 
Sow.  M.  C.  365. 
Ly.  Man.  fig.  3(i9. 
Ibid.     fig.  304. 
Foss.  gr.  39,  h. 
Sow.  M.  C.  409. 
Phill.  G.  Y.  t  2. 


Plicatula  inflata,  L. 

Pholadomya  decussata,  L. 

Spondylus  (Plagio8toma)spinosus,U.  Tab.  View. 

Avellana  cassis,  L.  .         .         D'Orbigny. 

Phorus  canaliculatus,  L.  .  Ibid. 

Pleurotomaria  perspectiva,  U.  Sow.  M.  C.  428. 

Ammonites  complanatus,  L.     .  Ibid.      94. 

Rothomageiisis,  M.  Ly.  Man.,  fig.  324. 

varians  (Chlori tic  marl),  L.  Foss.  gr.  38,  e. 

Baculites  anceps,  L.         .         .  Ibid.     38,  /. 

Belemuitella  mucronata,  U.      .  Ibid.     39,  t. 

*  Dixun's  Fossils  qfSuMez, 
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Cephalopoda 


Fish 


Reptiles 


Belemnitella  plena,  L. 
Hamites  timplez,  L. 
NautiluB  elegana,  L. 
Scaphites  equalia,  L. 
Turrilites  costatua,  L. 
Beryx  LeweBiensis,  U. 
Lamna  acuminata,  U. 
Macropoma  Mantellii,  U 
Osmeroides  Lewesiensia,  U. 
Otodoa  appendicolatiiB,  U. 
Ptychodus  dectirreuB,  L. 
Chelone  Benatedi,  L. 
Dolichosaunu  longioolluB,  L. 
Ichthyoeatmu  campylodon,  L. 
Mosasaunu  gracilia,  U. 
Plesiosaums  Bemardi,  L. 
Polyptychodon  interraptns,  L. 
Pterodactylns  CuYieri,  L. 


Shaipe,  Caudk  HoIL* 

D'Orirfgny. 

ManL  Med.,  fig.  151. 

ThkL    88,  Jk. 
Maatdl'a  Wood.,  %  81 
Dix.  Foai.  9amL 
MADteU'a  WosuL,  %.  80. 
Ibid.  78. 

Diz.  Foes.  Suae. 
Ly.  Man.,  Ilg.  S21. 
Mant  Med.,  fig.  288. 
Diz.  Foes.  Sum. 

IhiiL 
ManL  Med.,  ch.  zviL 
Diz.  Foei.  Suae. 

Ibid. 


Ow.  Br.  Fooi.  Bep. 

There  are  in  Britaint  no  beds  containing  chalk  foaails,  or  in  tirr 
way  belonging  to  the  Chalk,  lying  above  the  true  Chalk  with  flints. 

8.  Maeatrioht  or  Fiaolitio  Ohalk. — In  paita  of  the  North  of  Fnnee, 
however,  there  occur  curious  banks  of  a  white  pisolitic  limestone,  rat- 
ing apparently  in  hollows  of  the  chalk,  not  always  on  exactly  the  upper 
portion  of  it,  and  being  therefore  apparently  slightly  tmcomformable  to 
it  It  occurs  also  sometimes  on  the  same  level  as  the  lower  beds  of  the 
Tertiary  rocks  about  it.  The  fossils  are  rather  peculiar,  but  some  of 
them  are  true  Cretaceous,  while  none  I  believe  are  Tertiaiy  fomn 
Near  Maestricht,  in  Holland  also,  the  chalk  with  flints  (No.  7)  u 
covered  by  a  kind  of  chalky  rock  with  grey  flints,  over  which  are  Bome 
loose  yellowish  limestones,  without  flints,  and  being  sometimes  ahnost 
made  up  of  fossils.  Similar  beds^  containing  some  of  the  same  foaiH 
occur  also  at  Faxoe  in  Denmark. 

Characteristic  Fossils. — Together  with  several  true  Cretaceous  foiaUr 
such  as  Pfcten  quadricostatus,  Belemnites  mucronatuSy  Terebratula  cani»t 
etc.,  these  beds  contain  species  of  the  genera  Voluta,  Fcuciolanoy  Cypt»t 
Oliva,  Mitra,  Cerithiunif  FusuSj  TrochuSj  Patella^  Emargin^dcLf  etd, 
several  of  which  genera  are  elsewhere  found  in  Tertiary  rocks  ooiy* 
In  the  beds  near  Maestricht,  the  head  of  a  large  lacertilian  reptUe  vt$ 
formerly  discovered,  which  received  the  name  of  Mosasaunu  Ilo/maMif 
of  which  the  head  alone  is  more  than  three  feet  long.  § 

Outlying  English  Deposits. — ^There  are  some  outlying  depodti 
in  different  parts  of  England,  respecting  which  there  are  some  doabts 
as  to  their  exact  place  in  the  series. 

•  "Chalk  Mollusca,"  by  D.  Sharpe— PoZ.  Soc 

t  It  was  stated  at  the  meeting  of  the  British  Association  at  Ozfotd  that  near  VonnA 
beds  occaiTcd  like  the  Maestricht  chalk.  It  was  also  said  that  a  boring  had  been  pat  do«i 
there  800  feet  in  the  chalk  with  flints,  without  piercing  through  into  the  Chalk  vtthoot  tiati^ 

t  Mantell's  Mode.,  Fig.  227.  f  Owen's  Poicsoiiloiofy,  p.  17*. 
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e  Speeton  Olay  of  Yorkshire  lies  immediately  underneath,  but 
ormable  to,  the  "  Red  Chalk,"  and  rests  upon  the  Coralline  Oolite, 
lower  part  it  consists  of  beds  of  Kimeridge  and  Portland  age,  but 
upper  port  we  find  500  feet  of  blue  clay,  which  by  its  character- 
)ssiLd  is  proved  to  belong  to  the  ^*  Neocomian "  formation,  the 
part  being  the  equivalent  of  the  Lower  Qreensand  of  the  south 
,'land,  and  the  lower  part  probably  representing  the  Wealden.* 
:)eds,  but  interbedded  with  sandy  limestones,  sandstones,  and 
nea  of  oolitic  structure  (the  "  Tealby  Series  "),  occur  in  Lincoln- 
The  whole   of   these  beds  have  a  remarkable   resemblance 

Neocomian  (Hilsthon  and  Hilsconglomerat)  of  North-western 
ny,  and  they  are  especially  interesting,  as  being  the  only  repre- 
ves  of  the  lower  part  of  the  marine  Neocomian  in  this  country, 
e  Greensands  of  Black  Down,  on  the  borders  of  Devonshire,  in- 
a  mixture  of  fossils  which  elsewhere  are  confined  to  the  Lower 
and,  the  Gault,  and  the  Upper  Qreensand. 
e  fresh-water  iron  sands  capping  Shotover  Hill,  near  Oxford,  have 
lapped  as  Lower  Qreensand  by  the  Geological  Survey,  though  it 
ible  that  these  may  belong  to  the  Wealden  beds,  t 
e  Red  Chalk  at  the  base  of  the  White  Chalk  of  Norfolk,  Lin- 
ad  Yorkshire,  in  which  latter  locality  it  rests  unconformably  on 
eeton  clay,  is  peculiar,  not  only  from  its  lithological  character, 
•m  containing  some  peculiar  fossils,  along  with  others,  that  range 
le  Gault  into  the  Chalk.     Mr.  H.  Seeley  §  supports  the  supposi- 

its  being  a  part  of  the  Upper  Qreensand,  which  is  not  other- 
epresented  north   of  Cambridge ;  but   the   Rev.   T.   Wiltshire 
it  with  Gault  II 
e  existence  of  local  groups  of  rock,  however,  that  will  not 

fit  into  the  general  series,  either  from  their  containing  fossils 
It  from  those  found  in  any  other  group,  or  from  their  uniting 
>f  two  sets  of  fossils  which  are  elsewhere  distinct — although 
ines  perplexing — seems  to  me  neither  unnatural  nor  different 
hat  might  be  expected.  It  merely  shows  us  that  which  has  been 
)efore  insisted  on,  namely,  that  our  series  is  a  series  of  frag- 
and  not  one  of  absolutely  continuous  succession.  The  intervals 
;  which  have  elapsed  between  the  deposition  of  successive  beds 
3en  often  very  great,  those  between  formations  may  have  been 
ister ;  hence  the  local  deposits  formed  here  and  there  during 
ntervals  will  of  course  often  have  characteristics  different  from, 
rmediate  between,  the  preceding  and  following  groups. 

7.  Jadd,  Quart  JourtL  Cfeol.  Soc^  toL  xxiv.  p.  2ia  t  IWd.  rol.  xxiii.  p.  SOT. 

Geol.  Surveif  Menoirg,  Sheet  18  ;  and  also  Prof.  Phillips  in  Quart.  Joum.  Geoi.  Soc., 
p.  236. 

paper  in  the  Annals  and  MagoMint  of  Natural  History,  for  April  1861. 
rt.  Joum.  0«oL  SoCt  toL  zxv.  p.  185. 
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Iiie  and  Position  of  the  Cretaoaons  Books  in  Sni^and^— 

There  is  yet  another  cause  for  nnoertaintj  in  the  exict  detenniiiitHB 
of  the  date  of  some  of  the  depouta  at  the  base  of  the  OetMeom 
series  in  different  parts  of  England,  and  that  is,  that  they  aie  alm^s 
more  or  less  unconformable  to  the  Oolitic  rocks  below.  A  razCMe  of 
erosion  was  formed  upon  the  Oolitic  rocks  before  the  depoattion  of  the 
Cretaceous  beds,  thus  producing  irregularities  in  the  nature  and  thid- 
ness  of  the  latter,  as  well  as  gaps  in  the  series.  According  to  ProfesKir 
Phillips,  erosion  is  apparent  in  Oxfordshire  in  the  Oolitic  aeries  itseiU^ 
since  he  attributes  the  absence  of  the  upper  part  of  the  CoiaUine 
Oolite  there  to  its  erosion,  before  the  deposition  of  the  Kimeridge  CUt, 
and  it  has  long  been  known  that  from  Oxfordshire  towards  the  narth- 
east,  the  Oolitic  beds,  from  the  Oxford  day  upwards,  axe  snocesBiTely 
overlapped  by  the  Lower  Cretaceous  beds.  The  occuxrenoe  of  a  littk 
bank  of  Coral  Rag  near  Upware,  between  Cambridge  and  Ely,  mibs 
the  former  continuity  of  that  formation  probable. 

When  'we  get  into  Yorkshire,  we  know  that  the  Chalk  itself  rati 
on  the  Lias,  owing  apparently  to  a  local  elevation  of  the  Oolitic  bedi 
above  the  sea,  and  their  consequent  denudation  before  the  deposition  of 
any  of  the  Cretaceous  Reries,  as  shown  in  Phillips's  section  to  his  paper 
on  the  Oolites  of  Yorkshire.* 

The  proof  of  elevation  and  denudation  having  taken  place  in  the 
Oolites  before  the  deposition  of  the  Cretaceous  series,  is  interesting  when 
taken  iu  connection  with  the  fact  that  at  Harwich,  Kentish  Town,  and 
Calais,  deep  borings  put  down  in  search  of  water  have,  after  passing 
tlirough  the  Cretaceous  series,  come  down,  not  into  Oolitic  rocks,  hot 
into  others  apparently  of  Pal£Bozoic  age.  At  Harwich  they  found  • 
dark  grey  slate  with  Posidonomya,  at  a  depth  of  about  1025  feet,  jiL^t 
below  the  base  of  the  Gault  At  Kentish  Town  they  reached  the  haw 
of  the  Gault  at  1113  feet,  and  then  passed  through  188  feet  of  red 
rocks,  clays,  sandstone,  and  conglomerates,  some  of  which  appeared  to 
me  very  like  the  trappean  breccia  of  the  Permian  rocks  of  the  3fidland 
Counties.t  At  Calais  the  Chalk  was  pierced,  and  rocks  identified  » 
true  Coal-measures  were  reached  at  the  depth  of  1100  feet.  On 
following  the  nearly  horizontal  Chalk  into  the  north  of  France  and 
Belgium,  the  Carboniferous  and  other  Palssozoic  rocks  in  a  highly  con- 
torted state  come  out  from  underneath  it,  having  suffered  vastly  frnn 
the  denudation  which  produced  the  surface  on  which  the  Cretaceous 
rocks  were  deposited. 

Drawing  a  conclusion  from  these  facts,  Mr.  Godwin- Austen,  before 
the  boring  of  the  wells  at  London  and  Harwich,  suggested  the  probability 

•  Quart.  Joum.  GtcJ.  Soc.,  vol.  xiv. 

t  See  Prestwicta,  Quart  Joum.  Otol.  Soc,  zii.  and  xir. ;  and  Memoixt  of  GeologiealSarrVi 
fiOieetr. 
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of  a  ridge  of  Carboniferous  and  other  Paleeozoic  rocks  existing  at  no 
great  depth,  and  reaching  from  the  Ardennes  and  the  ELfel  on  the  east, 
to  the  neighbourhood  of  Bristol,  Somerset,  and  Devon  on  the  west,  this 
old  ridge  being  overlaid  unconformably  by  the  Mesozoic  rocks — the 
Triassic,  the  Oolitic,  and  the  Cretaceous  deposits  successively  over- 
lapping each  other  from  west  to  east,  as  the  old  Palsoozoic  land  became 
successively  submerged  in  that  direction.* 

It  is  not  improbable  that  the  anticlinal  of  the  Weald  and  Salisbury 
Plain,  and  the  synclinal  of  the  Hampshire  basin,  with  its  sharp  uniclinal 
curve  running  through  the  Isles  of  Wight  and  Purbeck,  may  be  referable 
to  some  features  in  the  old  surface  below,  producing  an  effect  upon  the 
newer  rocks  above  them,  when  they  were  all  subsequently  acted  on  by 
disturbing  forces,  re-directed  perhaps  into  the  old  east  and  west  lines 
along  which  they  had  acted  at  the  close  of  the  Palaeozoic  period. 

Ireland. — In  the  County  Antrim  and  its  borders,  Chalk  with  flints 
occurs  with  a  maximum  thickness  of  about  200  feet  It  lies  horizon- 
tally near  the  top  of  the  hills,  just  west  of  Belfast,  and  spreads  in 
horizontal  sheets  over  the  whole  county,  but  is  generally  covered  by  an 
immense  capping  of  basaltic  rocks,  so  as  only  to  show  itself  round  the 
edge  of  the  basalt,  or  as  outliers  on  the  top  of  some  of  the  adjacent 
hills.  (See  Fig.  165.)  It  is  called  in  Ireland  White  Limestone,  as  the 
stone  is  considerably  harder  and  firmer  than  the  friable  rock  which  is 
commonly  known  as  Chalk.  It  contains  an  abundance  of  fossils  of  the 
same  species  as  those  found  in  the  Chalk  of  England,  but  also  others  in 
addition,  especially  a  number  of  univalve  shell3.+  Mr.  Sharpe,  in  the 
publications  of  the  Palaeontographical  Society,  describes  four  species  of 
Ammonites  as  peculiar  to  the  north  of  Ireland,  and  one  as  common  to 
it  and  the  north  of  France.  He  believes  it  to  be  contemporaneous 
with  the  Tipper  Chalk.  It  rests,  however,  conformably  on,  and  seems 
to  pass  down  into,  a  pale  sandy  stone,  mottled  with  green  specks,  which 
becomes  a  loose,  dark,  green  sand  below,  and  is  known  in  the  country  by 
the  name  of  Mulatto  stone.  This  is  never  more  than  about  20  feet  thick. 
It  is  full  of  Exogyra  and  other  fossils  of  the  Upper  Greensand,  so  that  if 
the  White  Limestone  above  it  be  the  Upper  Chalk,  the  Lower  Chalk  must 
be  absent.  The  Greensand  rests  directly  on  30  feet  of  black  shales  with 
Lias  fossils,  and  that  on  the  Red  Marls  of  the  Trias.])  (See  section. 
Fig.  166.) 

Foreign  IjooalitieB. 

Switzerland. — ^The  Cretaceous  series  as  now  described  spreads  over  a  large  part 
of  western  Europe.  The  Wealden  becis  may  be  seen  at  Boulogne,  with  mucli  the 
same  characters  as  they  have  in  the  Isle  of  Wight,  but  much  t^in]Der.§    As,  how- 

*  Oodwin-Austen  on  Possible  Extension  of  Coal-measures  beneath  south-east  of  England. 
Quart.  Joum.  GtoL  Soc.^  Tol.  xii.  t  See  Jukes'  OtoL  Mag.,  v.  p.  345. 

X  See  Tate,  Quart.  Joum.  OtoL  Soe.,  vol.  xxi.  p.  15  (1805X 
I  See  Topley,  QiuxrU  Joum.  Gtol.  Soc,  voL  xxiv.  p.  472. 
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ever,  tbey  are  of  freah-wnter  origin,  we  should  erpect  to  mMt 
llielr  ronteioponuieoas  iiimine  deposits.  M.  Thnrman  (ormerly  dwcrilitd  boi*  a 
the  nelghbourbood  of  Nrufclmtvl  in  3wtt2«rliu]il,  which  an  probtbtjt  tbc  mviu 
c<|DiT>]«nl«  of  the  Weoldeu  hnii,  Tbvj  hivi  sinoc  buo  ciill«d  Neccoimu,  ban 
UiB  latinised  nnme  of  the  Swin  tnwn. 

M.  MsTcoD*  gives  the  followlD;  tabular  actgnnt  ot  these  bedi,  and  of  «bt  k 
bclicrea  ta  be  IhEir  Engliah  eqiiivaleati  :■ — 


\  Lover   GrHOMud  (tli' 
bottom  part  of  il). 


SieiturlaHd. 
IJppEii  e.  White  limcstonea. 

Neocohun.        5.    Limealonei  with  green  gmina. 

MiDDLi         i.  MvU  of  HButerivtt.  i 

HlOCOMlAM.        3.  Yellow  Liinettone.  i  Weald  Clay  and  Hi.1- 

LoREB  2.  Limonite.  J      ings  Sand. 

Nbocouuh.        1.  Blue  marla  anfosailifenms.        J 

It  appeara  that  the  blue  unfomiliferons  marls.  No.  1,  are  now  kEo*[i  tot*' 
tAin  a  !en  small  rresh-watar  and  terreathal  spcciea. 

The  following  Table  girea  same  of  the  other  Continental  termi  for  Uiedit 
fereot  parts  of  the  Britiah  aeries  :^ 


Chalk  Hart 
Upper  Gieensand 


0«nlt. 

9peeton  Cluy 


S^noDien    . 


Tnroiiien   . 
CenominicQ 


Craip  blanche,  Kreide,Sadi>. 
Obere  and  Untere  KitOt, 
and  Plttner  Kail:,  Zooe  <1< 
Rudialea,  Calcaire  i  Hif 


Craie  tufau,  oa  cblorit^. 

Qlanconie  crayeuse,  Qnado- 
aandateio,  Toortja,  Obmi 
Kupathenaaoilstiiin,    ST*"  i 


Argne  k  pljcstula^  iigiai 
tegulines  (in  part). 

Calcaire  k  spntanguet,  Ajjilf 
ortreene,  Calcaire  k  Dierr 
alea,  Hilsconglomarat  •"i  < 
Hilithon,  Mame  de  Hiot'-  j 
rivE,  Terrmin  Jnr»-Cn!t»«t , 
Biancoae. 


*  LtUrm  nr  la  SeelHi  il 
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M.  Alcide  D*0rbign3r  says  that  the  Neocomien  beds  between  Marseilles  and 
Cassis,  and  between  Clujes  and  Beausset,  dip  at  23°  for  a  distance  of  8  kilometres, 
or  nearly  five  miles,  which  gives,  he  says,  a  thickness  of  2500  metres  (8200  Eng. 
feet).  The  thickness  of  his  Aptien  beds  he  gets  at  fiedoule  in  the  Basses  Alpes  ; 
sad  those  of  his  Cenomanien  and  Taronien  he  takes  fh)m  the  measurements  of  M. 
fid.  de  Vemeuil  (a  most  trustworthy  authority)  made  in  the  provinces  of  Biscay 
K&d  Santander  in  Spain.  * 

North  Americd, — Sir  C.  Lyell  describes  in  his  Manual  sandy  and  argillaceous 
^>eds  as  existing  in  New  Jersey,  and  containing  fossils  of  the  same  species  as  those 
>f  the  Chalk  of  Europe.  They  extend  through  North  Carolina  and  Georgia  round 
^6  southern  termination  of  the  Appalachian  chain  into  Alabama  and  Mississippi. 

Dr.  Hector  describes  a  great  series  of  sandstones,  clays,  and  shales  as  occupy- 
»g  all  the  central  part  of  British  North  America  east  of  the  Rocky  Mountains,  f 
^ese  beds  are  full  of  fossils  belonging  to  the  genera  Exogyrd,  Inoeeramus, 
%xculite8,  SoaphiteSy  and  other  Cretaceous  forms.  They  likewise  contain  fossil 
t|«Qts  and  wood,  and  beds  of  good  coal,  some  of  which  are  six  feet  thick,  and 
5^  said  by  Dr.  Percy,  who  examined  specimens  in  his  laboratory,  to  look  very 
Uce  coal  from  the  Coal-measures.:}:  Messrs.  Meek  and  Hayden  have  described  the 
^tension  of  these  beds  southwards  into  the  American  States. 

South  America. — Mr.  Darvrin  describes  in  the  Andes  of  the  neighbourhood  of 
^oquimbo,  great  beds  of  brown  argillaceous  limestone,  porphyritic  conglomerates, 
tid  masses  of  red  sandstone  with  gypseous  rocks,  not  less  than  6000  feet  thick,  as 
ontaining  in  some  parts  fossils  such  as  HippuriUa  and  BaciUiUs,  and  others 
learly  Cretaceous,  together  with  Spiriferas  like  Sp.  Walcottii,  and  other  fossils 
lore  like  Oolitic  than  Cretaceous  species.  §  He  says  in  his  summary  ||  that  strata 
haracterised  by  Cretaceous  or  Oolitico-cretaceous  fossils,  having  in  many  places 
thickness  of  7000  or  8000  feet,  may  be  traced  from  Columbia  north  of  the 
iquator  to  Tierra  del  Fuego.  They  consist  of  "  black  calcareous  shaly  rocks,  of 
dd  and  white  siliceous  sandstones,  coarse  conglomerates,  limestones,  tuffs,  dark 
indstones,  and  those  singular  fine-grained  rocks  which  I  have  called  pseudo- 
onestones,  vast  beds  of  gypsum,  and  many  other  jaspery  and  scarcely  describable 
arieties,  which  vary  and  replace  each  other  in  short  horizontal  distances  to  an 
rtent  I  believe  unequalled  even  in  any  tertiary  basin."  **  In  Tierra  del  Fuego, 
t  about  this  same  period,  a  wide  district  of  clay  slate  was  deposited,1i  which,  in 
•^  zuineralogical  characters  and  external  features,  might  be  compared  to  the 
ilorian  regions  of  North  Wales."  ** 

India. — Deposits  at  Pondicherry,  Verdachellum,  and  Trichinopoly,  examined 
ty  C.  J.  Kaye  and  the  Rev.  W.  H.  Egerton,  were  shown  by  Professor  E.  Forbes's 
xamination  of  the  fossils  to  belong  to  the  Cretaceous  Period,  the  Pondicherry 
teds  to  the  lower  part  of  it,  and  those  of  Trichinopoly  and  Verdachellum  probably 
o  the  Gault  and  Upper  Greensand.  ft 

*  Co/UTS  EUmentaire  de  Palceontclogit,  A.  D'Orbigny,  torn.  2me. 
t  Qvart.  Joum.  Geol.  Soc,  vol  xvii.  t  Percy's  Metallurgy,  p.  89. 

f  South  America,  Darwin,  p.  212.  etc.  ||  Ibid.  p.  238. 

^  Mr.  Darwin,  of  course,  means  that  clay  was  deposited,  which  was  afterwards  meta- 
Hotrpboaed  into  slate. 

•*  S<nUh  America,  Darwin,  p.  289.  ft  QuaH.  Joum.  GtoL  Soe.,  vol  i.  p.  79. 


CHAPTER   XXXVIIL 
IIL  THE  TERTIARY  OR  CAINOZOIC  PERIODS. 

XOOXNX  FXBIOD. 

The  nomenclature  of  the  Tertiary  periods  propoeed  hy  Sir  C  Lyell, 
and  now  all  but  universally  adupted,  is  more  systematic  than  that  of 
the  Primary  or  Secondary  periods.  It  is  based  on  the  gradual  incretBe 
of  existing  species  in  the  newer  rocks.  The  earliest  of  the  periods  ii 
termed  Eocene,  from  the  Greek  words  rfUg  and  xaumg,  signifying  the 
dawn  of  the  recent  ;  the  second,  Miocene,  from  /ai /o»,  the  minority  <^ 
recent  S2>ecies  ;  the  third.  Pliocene,  from  tXi/ov,  the  plurality  of  recent 
species  ;  and  the  next,  Pleistocene,  which  expresses  the  recentne^  of 
most  of  the  species.  In  speaking  of  these  species,  however,  it  must 
be  borne  in  mind  that  w^e  refer  solely  to  the  shells  of  the  mollosca, 
as  our  best  standard  of  comparison  for  the  whole  series  of  the  geo- 
logical formations.  Sir  C.  Lyell  takes  5  per  cent  as  the  maximum 
of  existing  species  in  any  Eocene  rock,  while  in  some  beds  there 
may  be  none  at  all ;  18  to  25  per  cent  as  about  the  range  for  the 
Miocene  period,  upw.ards  of  60  per  cent  for  the  Pliocene,  while,  wben 
the  recent  shells  amount  to  95  per  cent,  we  may  consider  the  deposits 
as  Pleistocene. 

Moreover,  we  must  recollect  that  the  existing  species  may  ii«> 
longer  live  in  the  same  region  in  which  they  are  found  fossiL  Mr. 
Godwin- Austen  observes  that  none  of  the  European  Eocene  species 
now  exist  in  any  European  sea,  the  present  European  molluscous  fauna 
not  having  come  into  existence  till  near  the  end  of  the  Miocene 
period.* 

The  adoption  of  this  principle  of  classification  was  rendered  more 
necessary  in  the  case  of  the  Tertiary  than  the  preceding  epochs,  fpMu 
the  nature  of  the  physical  conditions  of  Western  Europe,  on  the  stroc- 
ture  of  which  our  classification  is  chiefly  based.  In  the  Primaiy  and 
Secondary  ei>ocli8,  the  area  now  occupied  by  Western  Europe  seems  to 
have  generally  contained  more  sea  than  land,  and  the  rocks  deposited 
are  accordingly  so  widely  spread  as  frequently  to  rest  one  upon  the 
other.     We  can  therefore  often  determine  their  order  of  superposition 

*  Qodwin-Austen,  in  Forbes'  Nat,  Hist,  Europen  8ms,  p.  251. 
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'  their  geognostic  relations  only — that  is,  by  actually  tracing  each 
oup  of  beds  till  we  find  it  plunging  under  the  superior  group  on  the 
le  side,  or  till  the  inferior  group  rises  up  to  the  surface  from  under- 
jath  it  on  the  other.  When,  however,  we  come  to  examine  the  Ter- 
iry  rocks  of  the  same  area,  we  find  that,  either  from  having  been  de- 
>sited  in  separate  seas,  or  from  subsequent  denudation,  or  from  both 
uses  combined,  they  now  form  detached  patches,  each  patch  ending 
!fore  it  comes  in  contact  with  the  rest,  so  that  their  order  of  superpo- 
Lion  can  rarely  be  determined  by  simple  inspection.  To  take  a  con- 
•icuous  instance  at  once — the  Chalk  of  the  south-east  of  England  is 
ntinuoas  with  that  of  France*  and  Belgium,  and  no  mistake  could 
)ssibly  be  made  as  to  the  relative  position  of  the  beds  above  and  below 
The  Oolites  below  the  Chalk  are  even  still  more  extensive,  and  can 
J  traced  both  geognostically  and  palseontologically.  The  Tertiary  beds 
)ove  the  Chalk,  however,  form  isolated  districts  in  the  synclinal 
)llows  of  the  Chalk,  one  being  called  the  Hampshire  basin,  an- 
her  the  London  basin,  and  a  third  the  Paris  basin  ;  and  if  we  wish 
determine  whether  the  beds  of  these  three  districts  are  of  the  same 
;e,  or  one  older  than  another,  it  is  obvious  that  we  can  no  longer  em- 
oy  the  positive  evidence  of  an  inspection  of  their  superposition.  We 
ust  then  have  recourse  either  to  the  petrological  evidence  of  their 
:iiig  made  exactly  of  the  same  kinds  of  rock  occurriug  in  the  same 
der,  or  to  the  palaeontological  evidence  of  their  containing  the  same 
semblages  of  fossils  occurring  in  the  same  order  ;  but  if  neither  rocks 
)r  fossils  were  precisely  the  same,  then  we  must  fall  back  on  the 
:neral  rule  or  principle  just  spoken  of,  and  see  which  contained  an 
semblage  of  fossils  having  the  greatest  approximation  to  living  forms, 
id  this  in  the  case  of  Tertiary  rocks  is  most  easily  determined  by  the 
lative  percentage  of  actually  existing  species. 

In  the  description  of  the  range  of  the  Chalk  across  England,  it  was 
)inted  out  that  a  nearly  continuous  escarpment  extended  from  the 
'olds  of  Yorkshire  into  Dorsetshire,  and  that  the  dip  of  the  beds  was 
om  the  escarpment  towards  the  east,  at  a  gentle  angle.  It  follows 
lat,  as  the  top  of  the  Chalk  declines  towards  the  east,  and  sinks  be- 
jath  the  level  of  the  ground,  it  must  become  covered  by  some  other 
rmations. 

In  Yorkshire,  Lincolnshire,  and  Norfolk,  the  escarpment  of  the 
halk  runs  almost  parallel  to  the  sea-coast  ;  and  in  consequence  of 
lat,  and  its  gentle  dip,  the  formation  has  no  room  to  acquire  any 
;pth  before  reaching  the  sea.  From  Suffolk,  however,  it  strikes 
rectly  south-west,  through  the  heart  of  the  country  to  Dorset, 
hile  its  general  dip  is  towards  the  south-east.     It  becomes  covered 

*  That  the  shallow  ftirrow  of  the  Straits  of  Dover  has  been  worn  down  a  little  way  below 
e  level  of  the  sea  into  the  body  of  the  Chalk  does  not  of  course  affect  this  assertion. 
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towards  the  south-east,  therefore,  by  a  very  oonndezmble  UdckseH 
of  beds  of  more  recent  formatioiiy  most  of  which  behmg  to  the  Eoocne 
Period. 

There  can  be  little  doubt  that  some  of  the  lowest  of  then  Eoeeis 
beds,  if  not  the  whole  of  them,  once  stretched  horiiontally  matom  Ae 
whole  south-east  comer  of  England,  from  the  coast  of  Suffolk  to  that  of 
Dorsetshire.  Since  that  time,  however,  the  rocks  below  haye  been 
abruptly  elevated  along  the  two  east  and  west  lines,  or  axes,  mentioDed 
before,  the  one  running  from  Salisbuiy  Plain  through  the  Weald  of 
Kent,  and  the  other  along  the  south  coast  of  Dorset  and  the  sonthen 
part  of  the  Isle  of  Wight 

The  denudation  consequent  on  the  lifting  of  the  rodu  along  thoe 
two  bands  has  removed  not  only  the  Eocene  beds,  but  in  some  piiti 
the  whole  of  the  upper  and  a  good  part  of  the  lower  Cretaeeoos  seriea 
Where,  however,  the  elevation  was  not  so  great,  the  Cretaceons  rods 
have  been  spared,  as  for  instance  on  Salisbury  Plain  and  the  Chalk  be- 
tween it  and  the  Weald  ;  and  here  some  very  small  outlying  patches  d 
the  Eocene  beds  have  also  been  left  unremoved  on  the  top  of  the 
Chalk*  It  ift  then,  in  consequence  of  this  subsequent  elevation  and 
denudation  that  the  Tertiary  beds,  which  repi^se  in  a  synclinal  hollow 
of  the  Chalk  around  London,  are  seimrated  from  those  lying  in  the  like 
hollow  of  tbe  Chalk  around  Southampton. 

The  Chalk  beds  of  the  North  Downs,  running  from  Deal  and 
Dover  to  Guildford  and  Basingstoke,  dip  to  the  north  and  plunge 
under  the  valley  of  the  Thames  to  a  depth  of  many  bundled  fet-t, 
from  which  they  rise  veiy  slowly  and  gradually  out  towards  the  north- 
west. Any  one  travelling,  even  by  railway,  from  London  southv'ards 
to  Reigate,  on  the  one  hand,  or  in  a  north-westerly  direction,  to  Triage 
upon  the  other,  will  see  the  diflference  between  the  bolder  rise  of  the 
Chalk  from  beneath  the  London  basin  on  the  south,  and  its  slower  and 
more  gradual  elevation  on  the  north.  In  Kent,  however,  the  rise  ii 
gradual.  In  the  Hampshire  basin  the  same  features  are  still  more 
nuu*ked,  since  the  Chalk,  with  the  superincumbent  Eocene  beds,  dips 
very  gently  southwards  from  Salisbury  and  Winchester  to  the  Isle  of 
Wight,  where  they  are  suddenly  bent  up  into  a  position  of  absolute 
verticality,  as  is  also  the  case  in  Dorsetshire. 

The  Eocene  beds  of  England  rest  upon  the  upper  surface  of  tbe 
Chalk  in  apparent  confomiability  ;  that  is,  there  is  no  apparent  6JSa- 
ence  in  the  dip  or  strike  of  the  two  groups.t  That  there  is,  however, 
an  unconformability  between  them,  seems  probable. 

Owing  to  the  character  of  the  ground,  there  is  no  one  place  when 
a  good  continuous  section  of  the  whole  of  the  Eocene  beds  is  to  be  i 

*  See  Map,  Sheets  11  and  12  of  the  Geological  Smrey. 
\  See  Preitwich,  Quart.  Jourji.  GtoL  Soc  viii.  25S. 
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be  lj9n^axi  hman^  and,  moreover,  thcnr  sre  not  aD  pw«nt  in  that 
n.  In  tlie  Hampeihire  bosnu  however,  espedalhr  on  the  9onUieni  nicl^ 
;9  in  the  lele  of  'Wi^it,  where  the  beds  are  tihed  up  alonf:  with  the 
Qcy  and  exposed  m  the  na  clifik,  excellent  continiioQs  «eotian$  are 
K  Been  ;  also  in  JJnm  Bar,  at  the  western  extremitr  of  the  island, 
at  Stiidland  Bar  in  Daraetshire.  The  following  fi^Te,  1 64,  i«  a 
ggwrnnalic  aectaon  of  the  beds  ae  ther  are  shown  along  the  weBtexn 
E«  of  the  Iflle  of  Wight* 

In  this  sectian  we  hare,  within  the  space  of  half-4hmOe,  the  whole 
be  Bntikh  Eooene  aeiiefi,  with  the  exception  of  the  uppermost  mem* 


sai 


«rw  ^ 


It>i>tofSrfk3>nm 


'Fig.  164. 
Length  of  leetion  about  700  jarda. 


m.  TiM  High  level  GrmreL 

I.  Beml^dge  Bedm. 

h,  Osborne  Beds. 

$,  Upper  Headon  Beda. 

1  If  iddle  Ueadon  Beds. 

JL  Lower  Headon  Beda. 

f.  Upper  Bagshot  Beds. 


/  Barton  Clay. 

e.  Bracklesham  Beds. 

d.  Lower  Bagabot  Sands  and  Clays. 

c  He  London  Clay. 

b.  The  Woolwich  and  Reading  B<h1«  (plastic 

clay  and  sands),  t 
a.  The  Chalk,  having  many  layers  of  flint 


Karm. — In  this  figure  the  wood-engraver  has  nnfortanately  not  copied  the  original 
ving  quite  accurately,  but  has  made  the  lines  of  the  group /end  ngainst  tho  l)aN<>  of  ths 
4>  0r,  as  if  the  Upper  Bagshot  beds  rested  unconformabty  on  the  liarton  clay.  The  lines 
Aoold  have  been  drawn  parallel  to  its  boundaries  on  each  side. 

r,  namely  the  Hempstead  beds,  which  are  found  in  a  liill  four  or  flvn 
Lea  north-east  of  Headon  HilL  Including  these,  and  tiibu luting  tlie 
i>le  series,  as  it  may  be  seen  in  both  the  London  and  Hanipshira 
dna,  we  get  the  following  list  of  consecutive  gr<>u|>«.  t 


*  Reduced  firom  the  one  drawn  by  Mr.  Bristow,  and  publinhftfl  in  lhr>  Mnnttirt  fM.  ftun*. 
±  Fluv.  Mar.  fnrmatUm  of  I.  of  Wight).  See  also  Hheet  47  1 1  or.  Ht^vX.,  and  H»ii?*!t  20  Sfti. 
L,  by  same  author. 

\  Formerly  called  Plastic  Clay,  on  account  of  the  be^ls  tif  that  clay  ff/iind  In  this  s'lb. 
rion. 

:  The  thicknesses  are  taken,  so  far  as  regards  the  Upp^  *hd  If  ld41#>  Kffpntm,  frnm  tti^ 
wy  MewuAr  by  Professor  Forbes  and  Mr,  Brist/iw,  «^tltl49d  T^tUtrif  /IvffU,  m/trtnn  ///nn/*- 
<i/Id§  of  Wight;  those  of  tbe  Ixrwer  KoceD«  are  chi«rfly  frtttn  IHr.  l'f*<rf.wi<'V«  psp^rs  tm 
mnt  puts  of  tbe  Lofkhm  beatn.  They  are  «ith^  tbe  maztmifm  thklrn^^s  niijwh*-f»t 
erred,  or  tbe  nteea  of  the  maadma  at  Allkmnt  pUtm.  hf^.  tXm  tb^  M^n*t»i  HMMAt  tm 
Geology  of  the  lale  of  Wight,  ezple&el/>ry  f4  Mbesi  14  r/f  tbe  (Ky/f//g}^Al  A<ifvn«  ^^  «• 
Bifiiav. 

2x 
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Cd. 


'  7.  Hempstead 
Series. 


XTpvw 


6,  Bembridge 
Series. 


Xiddle 
or  Paris 
Xooenes. 


5.  Osborne  Series. 

4.  Headon 
Series.* 


3.  Bag8bot  Series. 


a. 


'  2.  London  Clay. 


Ijower 
Sooenes. 


1 


1 .  Lower  London 
Tertiarie8.t 


Oorbolabeds  . 
Upper  ftttdiwstflr  md 

ettnirj  moils 
Middle    . 

Lower     «        •        . 
Upper  rosiii 
Lower  msri* 
Oyster  bed 
Limestone 
St  Hekn's  Sends 
Nettlestone  Orits 
**  Upper  freehwuter** 
Middle  marine . 
''Lower  freshwater'* 
Upper  Bagshot 

Lower  Bagshot  (in  Isle 
of  Wight) 


London  Basin  .... 
OldhaTcn  Beds,  f 

Woolwich  and  Beading  Beds,  in  Lon- 
don Ba8in  90  feet,  in  Isle  of  Wight 
Thanet  Beds  (in  London  Basin  only) 


1825 
480 

160 
90 

2556 


The  Lower  Eocene  Qroups. 

1.  Thanet  Beds.  —  Light-coloured  quartzose  sand,  mixed  in  the  | 
lower  be<l8  with  much  argillaceous  matter,  bat  never  passing  into 
actual  clay  ;  containing  occasionally  dark  green  grains,  like  those  men- 
tioned before  in  the  Qreensandn.  It  rests  almost  invariably  on  a 
stratum  of  chalk  flints,  from  which  the  chalk  seems  to  have  been 
washed  away  without  wearing  or  fracturing  the  flints,  and  these  are  ol 
a  bright  olive  colour  externally,  by  which  they  may  be  recognised  is 
other  beds  (tertiary  or  drift)  to  which  they  may  have  been  subse- 
quently carried.  The  Thanet  sands  are  very  constant  in  character  from 
the  Isle  of  Thanet  throughout  the  London  basin,  but  thin  out  to  the 
westward,  till  a  little  west  of  London  they  are  only  four  feet  thick, 

*  The  total  thicknem  of  the  fluvio-marine  strata  of  the  Isle  of  Wight,  nekoning  ttom  tk» 
base  of  the  Headon  series,  will  be  from  500  to  500  feet 

t  The  beds  which  Mr.  Prestwich  doubtfully  classed  as  "  bssem«nt4>«d  of  the  haoAm 
Clay"  in  Kent,  have  been  treated  as  an  uf^permost  divlsioii  of  this  group,  under  the  nsat 
of  "  Oldhavcn  Beds."— WhiUker,  Quart.  Jwrn,  GwL  Soe,  toL  zzii.  p.  412.  The  diTiaos 
for  which  this  name  has  been  proposed  consists  of  well-rounded  flint-s^dngls  (Blsckhestk 
Bromley,  etc).,  fine  sand,  and  locally  a  bed  of  ssndy*bioirn  ironstone  (near  CaatsibaijX 
and  It  Is  generally  from  20  to  40  feet  thick. 
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lertly  beyond  wMch  the  beds  disappear  entirely.*  They  are  thicke9t 
i  Eset  Kent,  where  they  are  also  more  clayey,  and  contain  fossils. 
hey  may  be  seen  abundantly  in  the  sand-pits  and  railway  cuttings 
>oat  Woolwich,  on  the  west,  and  on  the  coast  near  the  Reculvers,  and 
.  Pegwell  Bay,  on  the  east 

2.  The  Woolwioh  and  Beading  Series  of  Prestwich. — More  variable 
L  character  than  the  Thanet  Sands,  and  also  more  widely  extended, 
^coming  thicker  from  east  to  west,  or  in  the  opposite  direction  to  the 
hanet  sands,  and  then  again  thinner  fJEurther  west  (in  the  London  Basin). 

On  the  east,  near  Heme  Bay,  we  have  in  it — 

Teet 
e.    ATgillaceons  greensand     .  .12 

b.  Dark  grey  aigillaceons  sand,  with  nodules  of  iron  pyrites  7 

a.   Light  ash  green  and  yellow  sands  .  .         9 


At  Blackheath  it  consists  of — 

Pebble  beds 

Brownish  sand 

Estuarine  shells  in  laminated  day 

Light  green  sandy  clays 

Light  green  sands  with  pebblev 


Near  Beading  the  beds  are — 

«.   Mottled,  red,  green,  and  blaish-grey  plastic  clay 

d.  Laminated  yellow  sands 

e.  Light  grey  and  greenish  sandy  clay 
5.   FLae  yellow  sand 

a.  GreeMand  with  Ostrtea  Beliovacina 


28 

12 
2 
6 
7 
6 

33 


20 
2 
4 
8 
2 

36 


xxt  these  beds  are  more  than  50  feet  thick  in  other  parts  of  the  district, 
:id  are  ever  varying  in  their  character,  t 

At  Newhaven,  in  Sussex,  an  outlier  of  the  Hampshire  district  — 


t.  Grey  clay  and  dark  yellow  sand 

h.  Bound  flint  pebbles  in  grey  clay  and  yellow  sand 

g.  Laminated  grey  clay  with  seams  of  yellow  sand 

f.  Concreted  oyster  rock  (0.  Beliovacina) 

e.  Comminnted  shells  in  yellow  sand  and  grey  clay 

d.  Tellow,  brown,  and  red  sand,  in  layers    . 

c  Dark  grey  clays  with  ironstone    . 

ft.  White,  ochreofus,  and  green  sand 

a.  Green  and  feiruginoos-coated  flints  in  sand 


Feet 
12 

1 

8 

2 

6 

5 
20 
25 

2 

81 


•  Pmtwieh,  Quart.  Journ,  Otcl.  Soc.  vol.  viii.  p.  235. 

t  For  ditaOs,  see  Mr.  Prestwich's  paper,  QwiH.  Joum.  Gtol.  Soc.  voL  x.  p.  75 ;  Whit- 
c«r,  n.  ToL  BdL,  and  Qeological  Survey  Memoirs  on  Sheets  7, 12,  and  13. 
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In  Alum  Baj,  Isle  of  Wight,  tbew  beds  an  140  feet  thidr.wiiMt- 
ing  of  bright-coloured  tenacioiu  mottled  cUja,  the  pi«vulii^  edonr 
be^  blood-red,  but  having  mixture!  of  light  Uniah  grey  and  fdkr, 
light  &nd  dark  ilAte  colour,  lArender,  puce^  jrellow  and  tamn,  ilutf 
free  from  anj  admixture  of  Band. 

The  Druid  Sandatonei,  Qiej  wethen,  SanenatODM,  ai^  Poddiig- 
■tones,  scattered  in  looee  blocks  over  many  of  the  Chalk  dowu  anaad 
the  London  basin,  are  believed  bj  Mr.  Freatwich  *  to  be 


FoHll  Oroap  Ns.  40.—Lowb 

I.  NipirlitFi  umbmuitiu, 
I.  rnrn^yithua  ckrynphyllos. 


portions  of  the  sands  and  gravels  of  tbe  Woolwich  and  Beading  sEri^ 
but  it  is  probable  that  tkey  may  in  part  have  come  from  the  Esg^ 
Sand.t 

3.  Tbe  London  Clay. — In  the  London  basin  this  conaista  of— 
b.  Dark  grey  and  brown  clay,  with  l>;ns  of  uptaria 

ing  from  a  few  feet  or  less  an  the  west  to  180  f 

Slieppey. 

t  lUd.  tqV  I 
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.  BaMment-bed,  brovn,  green,  and  fermgiaoos  cUjre;  sands,  mnd  occwionmlljr 
clsfa  with  layen  of  flint-pebbles,  lisviug  ■  maiimom  thickness  of  about 
12  feet,  «nd  resting  on  the  slightly  erodod  suHsob  of  the  bed*  below. 

In  the  Hampshire  baaia  we  have — 

.  Dark  blue  days  and  sande,  containing  nodules  of  sigillsceous  ironstone 
with  bonds  of  grey  dsysy  sands  uid  dark-greenish  sands,  sometimei  com- 
pacted into  hard  stone  called  Bognor  rock,  having  a  total  thickness  taiying 
[nnn  IBS  to  363  feet. 

.  Sasement-bed  of  sand  and  day,  with  a  congloiDerats  of  flint  pebbles  and 
partlf-ronuded  fngmenls  of  chalk  (or  whitened  Bint),  and  of  the  motlled 
clays  below,  4  to  6  feat. 


Charaeteriiiie  FottiU  of  the  Loieer  Eocena. 
Each  of  the  groups  now  dencribed  has  in  reality  a  characteristic 
QBsembh^je  of  foesiln,  many  of  which  are  peculiar  to  the  group,  while 
others  are  more  abundant  in  it  than  ebewhere.     The  groups  are  also 


678 


8TRATIGBAFHIGAL  OKXLOQT. 


linked  together  by  foeailB  which  ruige  ftom  one  group  into  tint  abc 
or  into  still  higher  beds.  In  the  fint  edhion  of  this  waik,  liiti  of 
chaiacteristic  fossils  of  each  group  were  given,  and  alto  tiioee  wh 
were  common  to  two  or  more  groups.  Time  and  tfpmoe^  however,  al 
forbid  the  revision  of  these  lists,  and  compel  me  to  anhetitate  for  tb 
the  following  list  of  characteristic  fossik  of  the  Loiwer  Eocene  Ix 
taken  together  : — 


^LMmnw9  •  •  • 

^crammiferu 
AeUmmoa .     . 
Bchinodennaia 

Annelida  .     . 
CrusUicea  .     . 

Polyzoa     .     . 

Brachiopoda  . 

Conchi/era     . 


Gasteropoda  . 


Cephalopoda  . 
Fish     .     .     . 

Reptiles     .     . 


Hightia  elegans 
Leguminositet,  sereral  species 
Nipadites  umbonatua 
Wetherellia  variabilis 
Cristellana  WetheieUU 
Dcmtalina  acata 
Dasmia  Sowerbyi 
Paracyathus  caryophyllns 
Astropecten  ciiqMitaB 
Goniaater  Stokesii    . 
Ophinra  Wetherellii 
Pentacrinus  sub-basaltifonnla 
Vennicularia  Bognorieoais 
Hoploparia  Bellii 
Zanthopsis  tuberculata 
Eschara  Brongniarti . 
Flustra  crassa. 
Lingula  tenuis . 
Terebratulina  striatnla 
Cryptodon  angulatnm 
Cyprina  planata 
Cjrrena  cnneiformis  . 
Nucula  Bowerbankii 
Ostnea  fiellovacina   . 
Pholadomya  margaritacea 
Pinna  affinis     . 
Syndosmya  splendens 
Teredo  autenantse     . 
Aporrhais  Sowerbii  . 
Caasidaria  Smithii 
Cerithinm  funatum  . 
Cyprjea  oviformis 
Melania  inquinata 
Trophon  subnodosum 
Voluta  Wetherellii   . 
Belosepia  sepioidea  . 
Nantilus  iniperialis  . 
Coelopoma  Colei 
Lanina  elegans 
Otodus  obliquus 
Chelone  breviceps     . 
Crocodilns  champsoides 
Paleeophis  toliapicus 


Bow.  FosB.  ft^ 


gr.  4C^«. 

Bow.  Fas.  Ft. 

Q.  J.  O.  &  Yiil 

D'Orii^iiy. 

Br.  FosB.  Cor. 

BaBs.ge.  40^& 

IL  a.  &.  Bee  1. 
iW. 

Boss.  gr.  40^d 
IbUL  40,  & 
Ibid.  40,6. 
Ibid,  4X^,f, 
Ibid,    40,^. 

IMx.  Fosa.  Sosai 

Sow.  IL  C.  19. 
Foes.  gr.  41,  a. 

Ibid.    41,  d. 
Sow.  IL  a  619. 
Fosa.  gr.  41,  c 
0«oL  Tr.  voL  t. 
Sow.  H.  0.  S8S. 
Ibid,      297. 
Fosa.  gr.  41,  b. 
Tab.  View. 
Sow.  IL  C.  102. 
Fosa.  gr.  41,/. 
Sow.  M.  a  578. 
Ibid.      147. 
Ibid.         4. 
Ly.  Man.  fig.  S63. 
Q.  J.  G.  S.  Till 
Foas.  gr.  41,  e. 
Ly.  Man.  fig.  255. 
Fosa.  gr.  41,  g. 

Ibid.    41,  A. 

Ibid.    41,  u 

Ibid.    41,  y. 

Owen,  Foes.  Bep. 

Ibid. 

Ibid. 


*  Bowerbank's  FouU  Frvits  o/ths  Londot^  Clay. 
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BMLs  . 


Hakyornis  toliapicns 
Lithoraifl  Volturensis 
Coiyphodon  Eocsbdos 
Didelphys  Ck)lche8teri 
Hyracotheriam  leporinnm 
Macaciu  Eocsnns  . 
Pliolophna  vulpiceps 


Owen,  F088.  Mam. 

Ibid. 

Ibid, 

Ibid. 
GeoL  Tr.  vol.  vi. 
Oweu,  F088.  Man. 
Owen,  Paleontology. 


• 


< 
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The  Middle  Eocene  Groups. 

4.  The  BagBhot  Beriea  takes  its  name  from  Bagshot  Heath,  but  is 
l>est  seen  (in  section)  in  the  Isle  of  Wight  It  consists  of  four  groups, 
xianiely : — 

The  Lower  Bagshot  Beds,  composed  of  alternations  of  sand  and  clay ;  the 
sands  generally  pale  yellow  or  grey,  but  sometimes  dark  and  femginons, 
at  others  fawn-coloured  or  rose  coloured  ;  the  clays  are  white  pipe^^y,  or 
grey,  or  chocolate-coloured  and  black  clay.    Thickness,  660  feet. 

^  46.  The  Bracklesham  Beds,  so  called  from  Bracklesham,  on  the  coast  of 
Sussex,  dark  chocolate-coloured  marls  and  carbonaceous  plays  below, 
over  which  are  whitish  marly  clay  and  white  and  greenish  sands  capped 
by  a  band  of  conglomerate  of  flint  pebbles.     Thickness  110  feet. 

4c.  The  Barton  Beds,  greenish-grey  sandy  day  below,  passing  up  into 
bluish-green  and  brown  clay,  interstratified  occasionally  with  beds  of 
sand  and  loanu  Thickness  800  feet  This  was  formerly  supposed 
to  be  the  London  clay. 

AtL  Upper  Bagshot  Beds,  yellow  and  white  sands  with  ferruginous  stains. 
Occasionally  120  feet* 

6.  The  Headon  Series. — ^All  the  Eocene  beds  described  in  the  pre- 
ceding pages,  except  part  of  the  Woolwich  and  Reading  series,  are  of 
marine  origin.  With  the  copimencement  of  the  Headon  series,  how- 
ever, we  meet  with  indications  of  fresh  water  having  prevailed  over  what 
is  now  the  Hampshire  area,  as  well  as  at  the  corresponding  period  of  the 
Paris  tertiaries.  In  the  London  area  no  beds  higher  than  the  Bagshots 
are  known. 

5a.  The  Lower  Headon  Beds  consist  of  31  feet  of  clays  and  marls  in  White- 
cliff  Bay,  while  at  Headon  Hill  and  Ck)lwell  Bay  they  contain  thick  lime- 
stones, and  are  from  60  to  80  feet  thick,  and  they  are  still  more  varied  at 
Hordwell  on  the  opposite  coast  of  Hampshire.  They  are  the  "Lower 
Freshwater  formation"  of  Webster. 

56.  The  Middle  Headon  Beds  consist  principally  of  sands,  showing  at  Headon 
Hill  brackish  water  fossils,  but  conteining  beds  of  oysters  ;  while  at  Col- 
well  Bay  and  Hordwell,  and  still  more  strongly  at  Whitecliff  Bay,  the  beds 
have  a  purely  marine  character.  Webster  called  them  the  **  Upper  Marine 
formation."  At  Colwell  Bay  they  are  only  23  feet  thick,  but  at  Whitecliff 
Bay  they  swell  out  to  100  feet. 

be.  The  Upper  Headon  Beds  contain  the  strongest  limestones  of  Headon  Hill, 


•  Kr.  Brlstow^  Section  in  Memt.  Otol.  Surveif,  1866;  Forbes's  laU  0/  Wig\t,  in  same 
XemoiziL    Bee  also  Frestwieb,  Quart,  Jowm,  G§oL  Soe.,  voL  it  p.  8&8,  and  voL  xUL  p.  M. 


680  STUTiaBlPHICAL  mOLOGT. 

lAm  ther  ua  8G  feat  thick,  tUantog  cmt  tmsUlj  ti 
TbBT  in  i«praMnt«il  by  a  fan  tvtj  tUa  nd  bMOMplci 
tionuT  b•Iul^  with  *  total  thiekiMM  of  calf  M  fcat  I 
ThB  nppennoct  bodi  of  the  groap  an  maria.    W«b*tar  gm  tba  *aaa  k 
*•  Uppsr  Fnabwatcr  tonoatioli"  t»  tUa  gimpb 
a.  OaboruB  Bralaa. — This  aerie*  variea  &om  60  feet  in  HMdm  SH 
to  80  feet  at  Whitediff  Bay.     It  ia  diviaiUe  into  two  groups 
6a.  The  Nettleatone  Qrita  conalat  of  hard  rag  and  ahcUy  aanditCMB  bcbr, 
capped  b;  nuii  and  blight  yallov  limaatoie.    Tlw  whola  abottt  10  tet  it 
thickneu  in  aome  plaoea,  bnt  in  othen  tli  inning  out  and  dlBa{ipmiii(  " 
bacouing  a  man  looae  land. 
6&  The  St.  Helen's  Sands,  or  nppermoat  part  of  the  Oaboma  aattea,  ocoitf 
vl  an  alUntion  of  white,  and  gracn,  and  jellow  aandi,  with  bh^  wkitt 
and  yellowiah  dajn  and  mark,  iLtrlng  a  total  Ihkknaw  c(  abont  W  bet. 


Characterittie  Futailt  oftheXiddU  Eoottu  Qraupt, 
Soma  of  the  beds  just  described  contain  in  many  plocee  an  eDormou 
abundaitce  of  fossils,  often  in  the  highest  atate  ot  pnsenration.    Escl 
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mp  ftnd  each  rab^TOiip  haa  fossils  peculiar  to  itself,  ss  well  as  others 
uroon  to  it  and  to  one  or  more  other  groups.  The  Barton  Claya  on 
:  cooet  of  Dorsetshire  and  Hampshire,  and  the  Brackleshant  beds  of 
:  Su><sex  coast,  are  literally  crowded  with  beautiful  sheila,  of  which 
oagiiiSceat  series  may  now  be  seen  in  the  cases  of  the  Museum  of 


b.  Rortallii 

c.  BtnlDbUA  Butonei 

d.  VoluU  ■ubrleula. 
(.   Valuta  lactatrii. 


ictical  Geology  in  Jermyn  Street  The  following  list  contains  a  very 
■agreand  imperfect  selection  from  the  completer  lists  of  Middle  Eocene 
«l9 ;  the  numbers  prefixed  referring  to  the  groups  of  strat*  in 
lich  the  species  are  found. 


4t.  Contptonia  dryandriralia  .  ■  Broogniut. 

la.  Leaves  of  treea  bcontifullj  pre«erved  in 

pipe-clay. 

tt.  NtudiDDlilss  IsTigatoi       .         .  .  Fofs.  gr.  42,  b. 

4A,  QainqnelocuIinB  HaneriDa  .  IKz.  FoM.  Snu. 
U.  KotaliDB  obacure     ....  Ibid. 

ie.  Triloculma  co»Dguinam  JUd. 
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Eehinodermaia 
Braehiopoda  . 
Caiuhtfeta 


4ft.  Lithuw  WeMflri  . 
4c.  Tarbinolim  fiowerbtnkii 
46.  Eapatagns  Hairtingiiig 
ie,  Terebratnla  bisiiniiiU 
4  ft  and  e.  Area  Branderi 
4&  OudiU  (Venflricaidia)  pbniDotta 
4e.  Chama  squamoaa  . 
4  ft  and  e,  Corbnla  pfisnm 
4c.  Crassatella  sulcata 
4  ft  and  e.  Ostnea  flabellula 
5.    Potamomya  gr^gariA 
Chtiteropoda  •     4  ft  and  c  AnciUaiia  bncdnoidea 

4  ft  and  e.  Ganoellaria  evnlsa 
4e.  Conns  donnitor 
4  ft  and  e.  Dentalinm  striatnm 
4  ft  and  e.  Fusns  longKYus    . 
5,  6,  and  7.  Limnm  longiacata 

5.  Melanopeis  rabAiaifonnift. 
4e.  Mitnscabra 
4  ft  and  e,  Hnrez  aspcr 
4  ft  and  e.  Natica  ambolacnun 
4c.  Oliya  Branderi 
6  and  6.  Planorbis  enomphalos 
f  Pleiirotoma  colon 

6.  Potamides  (Cerithiom)  concavns 
4c  Rostellaria  rimosa  . 
4c  Strombus  Bartonensis     . 
4c  Trochus  monilifer  . 
4c  Typhis  pungens 
4  ft  and  c  Volata  luctatriz    , 

scabricula 

4ft.  Beloptera  belemnitoidea 
4ft.  Edaphodon  Backlandi 


0   . 


Cephalopoda  , 
Fish    .     .     . 


BepiiUa    .     . 


MammdUa 


4&.  Myliobatis  Edwardsii 
4c  Alligator  Hantoniensis 
4c  Crocodilus  Hastingsis 
4ft.  Oavialis  Dixoni 
4ft.  Palfleophis  Typhseus 
5.    Dichodon  enspidatus 
4ft.  Lophiodon  minimus 
5.    Microchoems  erinaceus 
5.    Paloplotherimn  annectens 


F(«L8i:4S.c 
Br.  VoMwOor. 
TWt]BdL*21 
Dar.  BndL 

IkUL 
Tte.  gt.  4S,  iL 

/ML     42»c 

/ML 

IbUL 
Sow.  IL 
Fimgr. 


IkUL 
ML 
/ML 
/ML 


42,  c 

GL,361 

4S^i 

48,  #. 

«.;. 
42,A 

44|i 


Bow.lLCiOL 
ran.  gr.  42,  i. 

IkUL     48./. 

IkUL     4S,A 
Tab.  yyem. 
Tkm,  gr.  48^0. 
Sow.  ILC  839. 
Foaa.  gr.  48,  & 

IkUL     48,c 
Sow.  M.  a,  867. 
TW).'\new. 
Fon.  gr.  48,  e, 

IkUL     AZ,d. 
Biz.  Foas.  Sius. 


Dix.  Fofl8.Suss. 
Owon,  Fo«.  Be{^ 

IkUL 

lUd, 

lUd, 
Q.  J.  G.  S.,  iv. 
Owen,  FosB.Ktio. 
Q.  J.  O.  S.,ToLii 
IkUL      voLiT. 


The  Upper  Eocene  Groups. 

The  fluvio-iDarine  conditions  are  still  continued  in  the  Isle  of  Wigb 
district,  without  any  very  marked  line  of  distinction,  between  the  top 
of  the  Middle  and  the  base  of  the  Upper  Eocene  groups. 

7.  The  Bembridge  Beriea  contains  the  following  sabdivisioiB} 
beginning  with  the  lowest : — 

7a.  The  Bembridge  Limestone.     A  pale  yellow  or  cream-colonred  limesbaA 


•  Forbes's  rerfiory  £dkiiwdeniiata,  FaL  8oo. 
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bittttlntified  with  cUf  or  cramUing  raai\ — the  lunotone  fall  of 
OTitias,  ind  often  quite  tufoceoiu  and  concrationaiy,  lametimH  >  trna 
tnvertliis,  ud  •ometinm  omglomeratic  ;  oontuni  illiceoni  or  cher^ 
bttDcU  in  wrae  {dace*.    Thicknesa,  20  In  35  beU 

'b.  Hie  Oyster  bed.  A  fev  taet  of  gneuuh  und«  conUiaing  a;itera  (Oifnm 
Vtclaaii)  in  great  abundance,  capped  li;  ■  band  of  hard  Mptaiian 
(tone,  which  is  conatsnt  over  a  lorga  area.     About  10  feet  altogathar. 

'c  Unfoesilifannu  mottled  d&ya,  altamating  with  fouilifeioui  laminated 
dajra  aod  marli  contaiuiag  Cjfraia  pulcAra. 

d.  Maria  and  Umiusted  grey  clays,  ooataiuing  Jfdntua  tarrilwrima. 
Capped  bf  the  "Stack  Band,"  forming  tba  baa«  of  the  Hempatead 


B.  Tha  Hsmpataad  Berlei.'— Tha  three  lower  diviaioiiB  of  ixib.- 
rater  and  eataary  origin. 
•  81i  Cliailii  Ijell  wparatM  thla  aolea  Iram  ths  Eocou,  and  danai  it  aa  I«w*t 
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8a.  Black  Band  and  marls.  The  lowMt  bed  of  fhk  group  k  a  linn  ttoh 
bonaceous  laminated  cUy,  highly  foMfllfercmB,  about  3  fioet  tiuek, 
known  as  the  "  Black  Bandy"  over  which  are  pale  blTilah  and  ycDov 
ahaly  nuurls,  with  ironstone  ooncretiona.  The  wliole  about  ^  feet 
.thick. 

8&  White  Band,  marls  and  days.  The  base  of  tfaia  groups  caDed  fte 
'*  White  Band,"  is  a  bed  of  mingled  broken  and  entire  sheUs,  more  or 
less  consolidated,  often  very  femiginonB^  from  6  inches  to  two  fiset 
thick,  over  which  are  mottled,  yellow,  and  pale  green  maris,  capped  Igr 
shaly  clays  and  dariL  marls,  and  Uue  green  femjg;inoiia  days^  wtth  'm 
stone  concretions.    Total  thickness  al»at  60  feet 

8c.  Variegated  red  and.  green  marls  and  grey  claySy  ooTered  by  greaaA 
clay,  passing  np  into  pale  and  dark  grey  or  lead-coloured  days.  lUet 
ness  about  40  feet 

Sd.  days  with  septaria,  and  grey  and  bluish  days  with  concretioM  eontaJifflV 
abundance  of  Corbula  /  marine.    About  25  foei  thidc 


Charaeterisde  FouiU  qf  the  Upper  Soeene  Beds* 


Plants.    . 
Cotuhtfera 

Oasterqpoda 


Reptiles    . 
Mammalia 


7  and  8.  Chara  medicaginula  . 
Flabellaria  Lamanonis    . 
Sd.  Corbula  Vectensis    . 
7c,    Cyrena  polchra 
76.   Ostnea  Vectensis 
7.  Achatina  costellata     . 

7.  Bnlimas  ellipticns 

8.  Cerithiura  elegans 

7.  Helix  D'Urbani 

8.  Hydrobia  Chaxtellii  . 
7a.  Melania  turritissiroa . 
7.  Paludina  orbicularis    . 

7.  Planorbis  discus 

8.  Voluta  Rathieri 

8.  Triouyx  incrassatus    . 

7.  Anoplotherium  commune    . 

7.  Chceropotamus  Cuvieri 

7.  Dichobune  cervinum  . 

8.  Hyopotamus  bovinus 

7. Vectensis 

7.  Palffiotherium  crassum 

8. magnum  .     . 


Foss.  gr.  44»  a, 

Brongniart 

Forbes,  L  of  W.,  pL  1.* 

Foss.  gr.  44,  6. 

Forbes,  I.  of  W.,  pL  8. 

Foss.  gr.  44,  a 

Ihid.     44,  e. 

Ibid.     44,  K 

Ibid.      44,  J 

Ibid.      44,  g, 
Ly.  Man.,  fig.  211. 
Foss.  gr.  44,  d. 
Ly.  Man.,  fig.  21d. 
Ed.  Eoc.  MoLt 
Owen,  Foss.  Bep. 
Ly.  Man.,  fig.  219. 
Greol.  Trans.,  toL  tL 
Ibid,         ToL  yL 
Q.  J.  G.  S.,  voL  iT. 

IbuL 
Geol.  Trans.,  yoL  vL 
Ly.  Man.,  fig.  220. 


Foreign  IiOcalitieB. 

I^nee  and  Belgium. — The  labours  of  Mr.  Prestwich,  continued  so  long  sod 
assiduously,  have  gradually  made  plain  to  us  the  correlation  of  the  En^iah  is^ 
French  Eocene  beds,  and,  joined  with  those  of  Sir  C.  Lyell  and  M.  Duroont,  ha^ 
also  taught  us  the  relation  of  these  with  tho«e  of  Belgium.  The  following  Ti^ 
exhibits  these  relations  as  they  are  now  believed  to  be,  taking  Mr.  Prestwicb'i 


*  Forbes's  "  Isle  of  Wight,**  in  Memoln  <^tke  GtoUtgieal  Survey. 
t  Edwards's  **  Eocene  Mollusea,"— PitU.  Soe, 


EOCENE  FEBIOD. 


685 


ufication  for  all  below  the  Upper  Bagshot  Sands,  and  Professor  Edward 
)es'8  for  those  and  all  above  them : — 


England. 


Hempstead     . 

Bembridge 

Osborne  ) 
Headon  J 

Upper  Bagshot 

Barton  Clay  . 

Bracklesham . 

Lower  Bagshot 
Beds  . 

London  Clay , 

Woolwich  and 
Reading  Beds 

Thanet  Sands 


Bkloium. 


Rnpelien 


Tongrien 

Laeckenien,  part  of  ? 

Syst^me  Laeckenien 

snp^rieur  t 
Systeme  Laeckenien  ' 

inferieur  ? . 

Syst&me  Bmzellien 

Systeme  Ypresien 

superieur  . 
Systeme  Ypresien 

inferieur    . 

!  Systeme  Landenien 
superieur. 

!  Systeme  Landenien 
inferieur    . 


France. 


Calcaire  de  la  Beauoe. 
Gr^  de  Fontainebleao. 
Sables  et  bancs  de  coquilles, 

mames  marines. 
'Calcaire  siliceuz,  calcaire  la- 
custre  moyenne,  Gypseous 
w     series  of  Montmartre,  etc. 

!  Calcaire  marin  et  Gr^  de 
Beauchamp. 

I  Sables  moyennes,  upper  zone.* 

I  Sables  moyennes,  lower  zone. 

I  Calcaire  grossier,*  and  Glau- 
conie  grossi^re. 

j  Lits  coquilli^res,  and  Glanco- 
(      nie  moyenne. 

>  Wanting.t 

Gr^s  de  Poudingues,  Lignites 
et  Argile  Plastique,  Glau- 
conie  infi&rieur. 

J  Wanting. 


Vccording  to  Mr.  Prestwich,  the  London  Tertiaries  were  deposited  in  a  sea 

to  the  north,  spreading  at  least  over  south-east  England,  Belgium,  and  north 

ranee,  whilst  to  the  south  of  that  area  dry  land  prevailed  over  the  great  part 

le  Paris  Tertiary  district  and  still  farther  south.     Gradual  depression  then 

Mr.  Prestwich  gives  (Quart.  Joum.  Gtol.  Soc^  voL  xiii.  p.  99)  the  following  detailed 

iption  of  the  calcaire  grossier : — 

Feet 
u  Compact  white  marls,  passing  down  into  alternations  of  greenish  marls  and 

thin  yellow  limestones,  with  seams  of  chert       .....       20 
.  Thin  bedded  fissile  calcareous  flags  and  sandstones,  alternating  with  white 

marls  and  limestones  ,  .  ...  .  .  .  ,15 

.  Thick  main  mass  of  soft,  light-yellow  calcareous  fteestone  (the  building  stone 

of  Paris  got  by  mining  or  subterranean  quarrjring)  passing  sometimes  into 

calcareous  sands      .........       40 

.  Variable,  more  or  less  calcareous,  green  sands,  sometimes  concreted,  flint 

lobbies  often  at  base  ........       25 

100 

lome  part  of  it,  however,  formerly  extended  into  Normandy,  as  some  clay  at  the  top  of 
Iff  of  Ailly,  near  Dieppe,  is  believed  to  be  London  Clay.  (Prestwich,  Quart.  Jount.  GtoL 
rot  xi.  p.  280.) 
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took  piioe,  eztoiding  the  limiti  of  the  ma  ovw  Hhm  FlnW  vw,  ^mOtag  to  thei» 
troductioii  of  Nammulites  and  more  eouthem  foniw  d  mariiw  life  tha  hid 
hitherto  prevailed.  Dry  land  was  still  in  the  immwtiate  neighboiuliood,  as  shovi 
by  the  occasioDal  presence  of  terrestrial  forms,  and  attenatioiks  of  eleration  lad 
depieesion  doubtless  took  place,  modifying  here  and  there  the  pfayrieal  geogiqifeT 
of  the  district  The  Barton  Clay,  for  instenoe^  seems  to  hAve  been  depontsd  m  t 
sea  of  a  more  northern  character  than  that  in  which  the  BftieUediam  dap  ind 
sand  were  formed.  Fresh-water  conditions  finally  became  psvfaknt,  ktip 
estuaries  opened  into  the  seas  over  the  British  snd  noHh  of  Fruice  areas,  whfls 
large  lakes  existed  in  the  centre  and  south  of  Franoe,  where,  soon  after,  folcame 
eruptions  commenced  to  break  forth,  and  continued  for  many  thousand  yean  is 
subsequent  periods.  Bdward  Forbes  pointed  out  that  the  upper  part  of  the  Ban* 
bridge  series  was  probably  of  the  same  age  as  the  Molaase  of  FnmsadaiB  aad 
associated  beds,  and  also  as  the  Calcaire  k  Ast^ries  of  the  south-west  of  Ranei ; 
part  of  the  Tertiary  beds  of  Malta,  Corsica,  Greece,  Crete^  Ceiigo^  aouth  of  9pmt 
and  Portugal,  Azores,  and  North  Afirica,  were  also  considered  to  be  «» 
temporaneous  with  the  Hempstead  series.  Contemporaneous  witJi  tlie  Hsmislasi 
also  were  the  Molasse  ossif^re  and  the  Faluns  jaunes  of  Das,  the  lower  diririoi 
of  the  Vienna  Tertiaries  and  the  marine  beds,  the  Cerithinm  Kalk  and  Upps 
Brown  Coal  of  Mayenoe.* 

Sir  C.  Lyell,  however,  thinks  that  it  would  be  more  copyenient  to  relaia  • 
nomenclature  common  on  the  Continent,  and  to  class  the  Hempstead  series  sad 
its  contemporaneona  beds  as  Lower  Miocene,  making  the  beds  tram  the  BailB 
Clay  to  the  Bembridge  series  inclnsive  Upper  Eocene,  and  takii^  the  BrackleahiB 
and  Lower  Bagshot  beds  only  as  Middle  Eocene.f  Certainly,  as  far  as  Engissd 
(Idle  of  Wight)  is  concerned,  the  Hempstead  beds  are  linked  to  thoee  below  bf 
almost  as  great  a  number  of  species  as  Uiey  have  peculiar  to  themselves. 

The  Alps,  the  Borders  of  the  Mediterrajiean,  Egypt,  India, — ^Through  these 
countries  from  the  Aljis  to  the  Himalayas,  occurriug  at  intervals  through  25*  d 
lat.  and  near  100°  of  long.,  are  found  great  masses  of  rock,  sometimes  erci 
thousands  of  feet  in  thickness,  crowded  with  nunmiulites,  and  often  almost  made 
up  of  them.  These  are  of  Middle  Eocene  age.  The  summits  of  some  of  the 
Alps,  such  as  the  Dent  du  Midi  and  Diableretz,  are  formed  of  these  beds.  A«d* 
dated  with  these  are  still  higher  beds  called  Flysch  and  Macigno  in  Switaerisri 
and  North  Italy,  and  the  black  slates  or  shales  of  Glarua,  and  other  beds  it 
Switzerland,  containing  quantities  of  fossil  fish,  etc  The  Monte  Bolca  fish-beds 
are  also  of  about  this  age.  X  The  Eocene  beds  of  the  Alps  are  not  only  of  » 
great  a  thickness,  but  are  as  violently  disturbed  and  contorted,  and  as  f^ueotij 
inverted,  as  are  the  older  Palaeozoic  rocks  in  the  mountains  of  Britain. 

M.  Alcide  D'Orbigny  uses  the  name  of  Suessonien  (from  the  town  of  SoissoBs) 
to  include  the  Lower  Eocene  beds,  from  which,  however,  he  excludes  the  Londtm 
Clay,  but  includes  the  Nunimulitic  formation.  He  also  gives  the  desigaatioD  of 
Parisien  to  the  London  Clay  of  England  and  the  Paris  tertiaries,  from  tlie 
Olanconie  grossi^re  to  the  g}*peum  beds  of  Montraartre — a  classification  which  Mr. 
Prestwich  has  shown  to  be  a  mistake.  D'Orbigny  then  takee  the  6r^  da 
Fontainebleau  as  the  base  of  his  twenty-sixth  stage,  which  he  calls  Falunien,  sab- 
dividing  it  into  two — Lower  Falunien  or  Tongrien,  to  which  he  assigns  the  Gref 
de  Fontainebleau,  and  Upper  or  Falunien  proper,  which  he  identifies  at  tke 
same  time  with  the  Miocene  of  Lyell,  and  the  Crag,  which  is  believed  to  be 
Pliocene. 

North  America. — Sir  C.  Lyell  places  the  Claiborne  and  Alabama  beds  amosK 
the  productions  of  the  Middle  Eocene  period. 

*  Memoirs  o/GeoL  Survey,  1856,  p.  100.  f  JfanMol,  p.  SS7. 

X  Murchison,  GeoL  Joum.,  voL  v.  p.  157,  etc 
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ortion  of  living  to  extinct  species  in  the  d^>osit8  of  this  period 
t  about  25  per  cent,  without  strictly  adhering  to  that  proportion, 
ude  the  Hempstead  series  in  the  deposits  of  the  Eocene  period, 
ne  in  the  previous  chapter,  we  have  no  stratified  rocks  in  the 
lands  representative  of  the  formations  of  the  Miocene  period 
I  lignite  of  Bovey  Tracey  and  the  leaf-beds  of  Mull  and  Antrim, 
lovey  Tracey,  in  Devonshire,  a  small  patch  of  fluviatile  or 
strata,  containing  beds  of  lignite,  has  long  been  known.  These 
ntly  been  investigated,  and  are  now  known  to  be  about  300 
lepth,  consisting  of  alternations  of  clay,  sand,  and  lignite. 
s  well-preserved  fossil  plants,  amounting  in  all  to  about  fifty 
ave  been  obtained  from  these  beds.  Thev  indicate  a  warm 
nd  are  analogous  to  the  older  Miocene  vegetation  of  Switzer- 
mong  them  may  be  mentioned  ferns  and  fragments  of  species 
I,  palm,  vine,  oak,  laurel,  fig,  etc.* 

rdtun,  in  the  Island  of  Mull,  several  Ia3rer8  of  tuff  and  clay 
erstratified  among  the  basalt  beds  of  that  locality.  They  were 
^ht  to  notice  by  the  Duke  of  Argyll,  as  containing  the  remains 
[edonous  plants.t     The  headland  of  Ardtun  exhibits  the  fol- 

ction  of  these  deposits  : — 

Feet 

8.  Upperraodt  basalt 40 

7.  First  "  leaf-bed  " 2 

6.  First  tuflf 20 

5.  Second  "  leaf-bed  "          ....  2} 

4.  Second  tuff 7 

8.  Third  "  leaf-bed  " 14 

2.  Amorphous  basalt .....  48 

1.  Columnar  basalt  ^to  low-tide  level)  .         .  10 

131 


J  tuffs  are  described  as  resembling  those  of  Mont  Dor,  Vesu- 
Madeira  ;  the  leaf-beds  as  baked  clay,  or  very  fine  mud,  con- 

Pengelly's  Lignite  Formation  of  Bovey  Tracey,  London,  1863 ;  alio  a  paper  by 
•feasor  Heer  in  the  Phil.  Trant.  for  1863. 
art.  Jowm,  GwL  Soc  voL  Tii. 
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tuning  impiesnoiu  of  U«ve«,  ind  Bometimei  coiuuting  of  k  tnoe  mu 
of  compRMed  leaves  etill  retaining  the  "  damp  obacnre  oolonn  d  vege- 
table decay."  Eqnieeta  stems  occur  u  well  u  the  leftrea,  and  the  wksk 
deposits  ore  co^jectured  to  have  beenfaimedina  shallow  lake  or  mu^ 
over  which  the  igneous  tocka  have  been  eject«d. 
burnt  led  and  yellow  Chalk  fliota  is  mentioned  ' 
place  with  the  first  tuff  (No.  6). 

Tike  leaves  were  examined  hj  Prof  easor  £dward  Forbes,  who  hj) 


of  them  : — "  The  general  assemblage  of  leaves  is  decidedly  TertiiiT, 
and  most  probably  of  that  sta^  of  Tertiary  termed  Miocene.  Ttiiii 
climatol  aspect  is  more  mid-Euiopean  than  that  of  our  Eocene 
There  is  a  striking  resemblance  between  some  of  them  and  fossils  En* 
Styria  and  Croatia."  *  Professor  Heer,  who  has  studied  the  Swia  1^ 
cene  floia  with  great  care,  confirms  this  decision,  and  recognises  amcag 
the  Hebridean  forms  Sequoia  Langtdorjii  and  Cerj/lut  gnut-dtMt< 
plants  found  in  the  Uiocene  deposits  of  Switzerland. 
•  pp.  dt. 


,AII()('ENE    PKKIOI).  GSTj 

It  was  su|.|-o^fil  1)y  till.*,  I)uko  ol"  Ar;;yll  tliat  the  Icaf-lKMl-;  and  tlu-ii 
associatc<i  Uwilts  were  a  mere  local  exhibition  of  Miocene  rocks. 
2£r.  Geikie  has  more  recently,  however,  shown  that  these  leaf-beds  in 
vealitj  lie  at  the  base,  or  nearly  at  the  base,  of  the  whole  of  the  vol- 
rocks  of  Mull,  and  that  these  rocks,  more  than  3000  feet  thick, 
-vrell  as  the  other  volcanic  plateaux  of  the  Inner  Hebrides,  are  not 
of  Oolitic  age,  as  had  been  previously  supposed,  but  all  date  from  the 
Pliocene  period.  In  Mull,  and  in  Skye,  beds  of  coal  occur  interstratified 
^moBg  the  sheets  of  basalt  These  too  are  Miocene,  and  are  sometimes 
l^lacky  glossy,  and  cubical,  quite  undistinguishable  to  the  eye  from 
^>nliiiarj  carboniferous  coal.* 

The  general  resemblance  between  the  basaltic  plateaux  of  the 
^^nner  Hebrides  and  of  the  north-east  of  Ireland  has  long  been  known. 
Over  the  Chalk  in  Antrim  there  is  a  thickness  of  nearly  500  feet  of 
^l>ed8  of  basalt,  with  occasional  bands  of  tuff  and  clay.  In  one  of  these 
:uiteT8tratified  deposits,  at  Ballyx)alady,  near  Antrim,  a  leaf-bed  has 
itly  been  found  containing  leaves  of  dicotyledonous  trees,  believed 
be  of  Miocene  age,  and  occurring  under  very  similar  conditions  to 
of  the  Island  of  MulLt 
These  are  the  only  rocks  in  the  British  Islands  that  can  be  even 
ijectured  to  belong  to  the  Miocene  period,  unless  we  adopt  the  Con- 
:inental  classification,  and  consider  the  g3rpseous  series  of  Montmartre 
uppermost  of  the  Eocene  beds,  in  which  case  we  must  also  take 
"^he  equivalent  Bembridge  series  of  the  Isle  of  Wight  as  the  uppermost 
the  Eocene,  and  include  the  Hempstead  beds  and  their  equivalents 
the  Miocene  deposits.  There  is,  it  appears,  a  palseontological 
for  this  arrangement  on  the  Continent,  inasmuch  as,  if  we  draw 
^he  line  at  the  top  of  the  Montmartre  beds,  and  at  the  base  of  the 
^^ISalcaire  lacustre  supdrieur  (or  Calcaire  de  la  Beauce),  certain  generic 
.^nd  even  specific  forms  of  Mammalia  are  kept  wholly  within  the  Mio- 
^sene  groups,  which  otherwise  would  be  made  common  to  the  Eocene 
Miocene  periods.  The  genera  Dcrcatherium^  Cainotherium,  Ancht- 
ium,  and  Titanomys,  and  the  species  Rhinoceros  incisivus,  and  others, 
examples. 


Volcanic  Kocks  op  Miocenb  Age  m  Britain. 

By  far  the  most  extensive  and  interesting  scries  of  rocks  of  this  period 
Britain  are  of  volcanic  origin.  From  the  south  of  Antrim  northwards, 
Uizough  the  chain  of  the  Inner  Hebrides  to  the  Faroe  Islands,  and  even 
%o  Iceland,  there  stretches  a  long  broken  series  of  basaltic  plateaux, 
"^rliichy  from  the  character  of  the  plant-remains  found  in  them,  and  from 
"^heir  position  above  the  Chalk,  are  referred  to  the  Miocene  period,  t 


Geikie,  Proe.  Rof.  Soe,  Edin.,  vol.  1866-7.       t  Joum.  Gtol  Soc  (1869X  toL  zxv.  p.  S5i 
t  The  foUowing  notice  of  these  rocks  is  by  Mr.  G«ikie. 

2  Y 
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"  The  two  great  clasfles  of  recent  lavas — ^the  basaltic  and  the  fdi^atlik 
— are  well  represented  among  the  Western  Idanda.  The  bassltie  mva 
is  on  the  whole  the  older,  since  it  is  found  to  pass  under  massiTe  dMb 
of  pale  grey  and  bine  clay-stones,  clinkstones,  and  porphyxies  behngng 
to  the  felepathic  gronp.  In  addition  to  these  lava-foEin  xodcs,  msnei  i 
coarse  volcanic  agglomerate  occur,  along  with  beds  of  toff  and  p^enm 

^  The  leaf-beds  of  Aidtnn,  which  are  known  by  tbeir  fossil  contoli 
to  be  of  Miocene  age,  lie  near  the  bottom  of  the  whole  volcanie  Mris 
of  the  Hebrides,  and  above  them  comes  a  enocesaion  of  sheets  d 
basalt,  etc.,  between  3000  and  4000  feet  in  thif-lraiNHp,  Thioii^iorf 
this  enormous  mass  of  bedded  igneous  rock,  layers  of  tnl^  oftoi 
abounding  in  chalk-flints,  are  interstratified,  and  in  one  part  of  fte 
diflEs  of  Inimore  of  Carsaig  a  bed  of  flints  twen^-five  feet  thick  Km 
between  the  dolerites.  Thin  lenticular  seams  or  nests  of  ooal  Hkevia 
occur,  but  these  only  occupy  small  piond-like  hollows  of  ibe  onffsA 
surface  of  the  basalts  or  dolerites,  and  are  oveilaid  directly  with  simihr 
rock.  They  are  sometimes  excellent  in  quality,  and  occasionally  tlntt 
feet  in  thidcness  ;  but  they  rapidly  die  out  in  every  direction.  Then 
is  thiis  no  probability  that  the  tertiary  coal  of  the  Western  IslaDdi 
will  ever  come  to  be  of  commercial  importance. 

"  Proofs  of  the  long  continuance  of  volcanic  action  among  thcs 
islands  are  afforded  by  the  great  thickness  of  the  successive  sheets  d 
igneous  matter,  which  in  one  mountain  alone — ^Ben  More  in  Mull- 
reach  a  depth  of  3185  feet,  without  revealing  either  the  actual  botUNi 
or  top  of  the  series.  Another  and  striking  piece  of  evidence  on  tktf 
subject  is  given  by  the  well-known  Sctir  of  Eigg.  That  island  oonsistE 
of  nearly  horizontal  sheets  of  basaltic  rocks,  like  thoee  of  Mull,  resting 
unconformably  upon  Oolitic  rocks.  After  their  eruption,  they  bb* 
have  been  long  exposed  to  the  wasting  agencies  of  the  atmosphere.  A 
valley  was  cut  out  of  them,  and  its  bottom  was  watered  by  a  river,  wliicb 
brought  down  coarse  shingle  and  sand  from  the  distant  Cambntf 
mountains  of  the  north-west  These  changes  must  have  demanded  t 
lengthened  lapse  of  time,  yet  they  took  place  during  an  interval  in  ^ 
volcanic  history  of  the  island.  The  igneous  forces  which  had  bMi 
long  dormant  broke  out  anew,  and  poured  several  successive  emdki  d 
vitreous  lava  (pitchstone)  down  the  river-bed.  In  this  way  the  chanad 
of  the  stream  came  to  be  sealed  up.  But  the  same  powers  oi  in0 
which  had  scooped  out  that  channel  continued  their  operation.  Ht 
hills  which  had  bounded  the  valley  crumbled  away,  and  the  lavarconcali 
that  filled  the  river-bed,  being  much  harder  than  the  surrounding  rod^ 
were  enabled  in  great  measure  to  resist  the  degradation.  Hence  thi 
singular  result  now  appears  that  the  former  hills  have  been  levelled  do*i 
into  slopes  and  valleys,  while  the  ancient  valley  occupies  the  }a^^ 
ground  in  the  neighbourhood,  and  its  lava-current  stands  up  as  the  wefl- 
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precipitous  ridge  of  the  Scur  of  Eigg.  The  gravel  and  drift-wood 
ie  old  river  are  still  to  be  seen  nnder  the  rock  of  the  Sciir/* 
En  connection  with  this  development  of  volcanic  activity,  the  anthor 
^quoted  has  called  attention  to  ''the  possible  connection  between  these 
iaxy  volcanic  rocks  and  the  metamorphism  of  different  parts  of  the 
l»  Highlands.  In  Mnll,  nnder  Ben  More,  the  volcanic  rocks  them- 
M  give  signs  of  having  been  subjected  to  a  process  of  metamor- 
txLf  and  they  are  associated  there  with  masses  of  syenite,  like  those 
Euuay  and  Skye.  Macculloch  pointed  out  that  the  syenite  of  the  two 
w  islands  was  later  than  the  secondary  rocks  of  that  district ;  and 
a  now  seems  to  be  a  strong  probability  that  it  will  turn  out  to  be 
Oocene  age.  Parts  of  that  syenite  are  a  quartz-porphyry,  other 
LonB  seem  to  pass  into  a  true  granite,  while  the  lias  around  it  has 
an  extensive  metamorphism.  It  will  be  an  important  addition 
knowledge  of  the  histoiy  of  metamorphic  action,  if  the  alteration 
^e  secondaiy  rocks  of  the  Hebrides  is  eventually  shown  to  be  con* 
dd  with  the  evolution  of  volcanic  rocks  during  the  Miocene  period.** 
E?he  wide  extent  to  which  the  British  Islands  were  affected  by 
]Biiocene  volcanoes  of  the  west,  is  shown  by  the  abundant  trap- 
se, of  which  an  account  was  given  in  Chapter  XIIL  '"That 
^t  is  not  to  be  measured  by  the  area  at  present  covered  with 
uury  volcanic  rocks,  nor  even   by  the   area  which  these  rocks 

have  originally  overspread,  but  from  which  subsequent  denu- 
KXi  has  removed  them.  From  the  great  volcanic  ridge  running 
c^h  Antrim  and  the  Western  Islands,  thousands  of  trap-dykes 
t^  in  a  south-easterly  direction.  They  become  fewer  as  the  dis- 
^  from  that  bank  increases,  yet  they  extend  as  far  as  the  coast  of 
i^fihire.     No  single  dyke,  indeed,  has  been  traced  across  the  country 

sea  to  sea,  but  there  can  be  little  doubt  that  they  all  belong  to 
series.  They  cut  through  all  the  formations  up  to  and  including 
^lialk,  and  they  likewise  traverse  the  older  portions  of  the  Tertiary 
^^c  rocks.  They  must  thus  be  of  Tertiary  age,  and  belong  to 
of  the  great  series  of  igneous  masses  now  described.  They  do  not 
Uy  run  along  lines  of  fault ;  on  the  contrary,  they  are  found  to 
^  faults  of  fifty  fathoms  and  upwards  without  being  deflected. 
^  evenness  and  parallelism  show  that  they  must  have  ascended 
^gh  fissures  prepared  for  them  by  subterranean  movements.  Thus 
^«m  that  in  Tertiary  times  the  greater  part  of  Scotland,  the  north 
<xigland,  and  the  north  of  IfBland,  were  cracked  by  earthquakes, 
tihaX  liquid  lava  rose  through  the  hundreds  of  parallel  rents,  per- 
^  in  some  cases  actually  reaching  the  surface. 
^  Comparatively  recent  as  these  Miocene  volcanic  rocks  of  the 
"^des  are^  they  are  old  enough  to  have  imdergone  enormous  denn-  jM 
Oil    Wide,  deep^  and  long  valleys  have  "been  excA;v^\ft^  cr5&  A    "^ 
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the  horizontal  trap-buds  ;  and  thoae  rocks  have  Boiuetimes  1 
wnated  awny  that  only  huge  detached  pyramids  of  theni  ate  lef 
the  ca»e  of  Ben  More,  MiilL  The  Tolcanic  bank  which  st 
throuflh  the  Inner  Hvbridee  has  be«n  worn  down  into  detached 
often  miles  apart.  From  the  fnct  of  so  many  ttap-dykes  Kach 
surface,  even  at  a  dialancc  of  mote  than  20l>  miles  from  the  ma 
of  Tolconic  rock,  we  can  hardly  avoid  the  inference  that  the 
BUperficiea  of  the  country  has  undergone  a  very  extensive  am 
denudation  since  the  Miocene  period."* 

The  pictaresqiie  coast  line  of  Antrim  ftffbrda  many  admirable 
of  the^e  Sliocene  vokimic  iock«.  The  basalt  beds  may  there 
rising  in  regular  Hticceesion  over  each  other  ftom  the  base  of  t' 
to  their  summit.  Some  of  these  beds  arc  regularly  oolumnar, '« 
and  hall  articulations,  others,  like  starch,  irregularly  colnmnai 
articuktiona.  Many  consist  of  on  amorphous  green  ainygdaloidi 
or  leas  decomposed  rock,  full  of  cavities  and  veins  of  leolitee. 
stratified  between  some  of  the  Ijasalts  occur  beds  of  tuff,  some  ol 
Tery  regular  and  persist«nt  for  a  long  diattuiGe,  are  seen  in  cons 
of  their  being  of  lighter  and  br^hter  colours  than  the  other  locks 
contain  nodular  concretions  of  red  pisolitic  oxide  of  iron,  iron 
they  are  often  spoken  of  as  red  ochre  beds.  Near  the  tnuumil 
cliff  over  the  Giant's  Causeway,  beneath  a  wall  of  rudely  cc 
basalt  50  feet  high,  is  a  little  rather  irregular  seam  of  grey  fi 
and  in  that  or  over  it  is  an  irregular  band  of  coal  or  lignite,  whi 
Naamyth  says  sometimes  shows  the  fibres  of  dicotyledonous  wo< 
recent  cbarcoaL  Whole  trees  are  said  to  be  sometimes  obtaine 
this  bed. 

Dr.  Beiger  puts  the  maximum  thickness  of  the  Antrim  basalti 
ation  at  900  feet,  its  average  thickneas  being  takea  as  &4&  fe 
its  extent  at  600  square  miles.t  Prom  Sir  K.  Griffith's  map  : 
would  appear  to  be  at  least  1200  square  miles,  as  it  occupies  a 
rangnlar  space  48  miles  long  ftom  north  to  south,  and  98  mih 
from  east  to  west.  In  Fig.  166  we  have  a  diagrammatic  sectioat' 
Cave  Hill  and  across  the  valley  of  Belfast.  In  this  sectioii  the 
of  the  great  plateau  is  seen  resting  on  the  Cretaceous  beds.  Juai 
base  of  the  basalt  is  a  little  bed  of  brown  clay,  full  of  chalk  fiinta 
red  or  yellow.  This  appears  to  have  been  the  muddy  depodt  i 
from  the  waste  of  the  chalk,  and  moat  probably  to  have  formed  t 
bottom  on  which  the  first  outpouringi  of  igneous  matter  were  dej 
I  did  not  succeed  in  discovering  any  organic  remaijis  in  it,  but 
hope  that  some  may  eventuaUy  he  found,  as  leaves  and  other  v^ 

*  OfllUa  an  TcrUu;  VdIcbdIc  Rocki  of  tbt  Britiih  Iiluidi.  Free.  Sa^.  Soc  Edii 
■Iw  ■  dtUlIed  Ptpn,  ths  Bnn  of  ■  iiitt  on  tfas  umt  ntdact.  In  Quart  Aura.  C 
*0L  mVL  \  Sm  Ttom.  GoL  Sec,  lit  MT.  vol.  tU. 
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aIb  have  now  been  found  in  some  of  the  aah-bedg.    This  clay  is  well 
^  also  at  Balljcastle,  and  doubtless  occurs  in  other  places. 
The  dykes  represented  in  Fig.  165  aze  excessively  numerous  in  the 
jntgy  about  the  basalt,  both  on  the  north  coast  and  near  Belfieisty  and 


Fig.  105. 

Diagrammatic  Sectioa  acroas  BeUatit  Valley. 

Feet 
It^  tome  columnar  beds,  some  amygdaloidal .  up  to  900    Tertiary. 

tnrtuct  or  chalk,  with  cUy  full  of  flints  baked  by  basalt 

in  some  places  as  much  as  250 )  Cj^taceons. 

>d not  exceeding  25 ) 

never  exceeding  SO    Oolitic. 

VJt  New  red  marls,  with  beds  of  rock-salt  about  tfOO )  »,^^^ 

K&  New  Bed  Sandstone about  600) 

^   Carboniferous  rocks,  undulating  at  high  angles,  probably  with  small 
basins,  some  of  which  may  contain  beds  of  coaL  The  lower  beds  only 
viable  on  east  side  of  the  Lough. 
Lower  Silurian,  black  slates,  etc.,  dipping  at  high  angles  to  east,  away 
fjtoxn  the  Carboniferous  rocks, 
^ykea  of  basalt 

X  Clay  and  sUt,  with  bed  of  peat  below,  filling  up  head  of  Belfast  Lough. 

i^bly  in  other  parts.  On  the  shores  of  Belfast  Lough  they  form 
Mric^t  causeways,  standing  up  as  vertical  walls,  several  feet  high,  ex^ 
^  as  if  they  were  artificial  quays.  The  slopes  of  the  Cave  Hill  are 
l^nened  by  dykes,  some  of  which  can  be  traced  up  from  the  coast  and 
^  in  the  Chalk  quarries,  cutting  in  black  verticid  seams  through  the 
:3te  limestone  in  a  most  picturesque  manner.  These  dykes  are  pro- 
^y  in  many  cases  the  feeders  from  which  some  of  the  basaltic  beds 
:^e  may  have  boiled  over  while  the  rock  was  molten,  though  in  other 
ifBB  they  may  not  perhaps  have  succeeded  in  reaching  the  surface. 

Characteristic  Fossils, — I  shall  not  pretend  to  give  lists  of  these. 
^  0.  Lyell  says  that  the  fossils  'Of  the  ^  faluns**  have  a  more  extra- 
Oropean  facies  than  those  of  the  Crag  presently  to  be  described. 
mj  contain  seven  species  of  Cyprcta,  some  larger  than  any  Mediter- 
^ean  cowry,  and  several  species  of  the  genera  Oliva^  AnciUaria,  Mitra, 
^ebrOy  Ptfrvloy  FasciUaria,  and  Ccnus,     There  are  eight  cones^  some 
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yery  large,  and  the  species  of  NerUa  axe  more  like  those  of  the  tropia 
than  of  the  Meditenanean.  Oat  of  890  species  of  d&eUa  ooQeetod  I7 
Sir  C.  Lyell  to  the  south  of  ToorSy  72  only  oonld  be  identified  as  linug 
species,  which  is  about  85  per  cent ;  among  a  total  of  308  in  his  pot- 
session,  45  only  are  to  be  found  in  the  Suffolk  Ciagy  or  15  per  cent; 
and  a  similar  small  percentage  in  the  Actinoz&a  and  PoIyaoiL  If  n 
compared  the  fossils  of  the  *^  faluns"  with  those  of  liying  British  specMi^ 
we  should  doubtless  have  very  few  in  conmion,  the  living  species  fbimd 
in  the  Faluns  being  to  be  sought  in  more  tropical  proyinoesy  while  tiuw 
of  the  Crag  have  a  more  northern  ^  fEudes**  impressed  apon  them.  Tlie 
Faluns  have  a  few  terrestrial  species  of  shdls,  among  which  is  tk 
Helix  Turoneniis,  and  remains  of  Mammalia  belonging  to  the  gena 
Deinothmum^  Mastodon^  HippopaUtmuif  Ckoanpoiamut,  Diekalnm€f  Deo^ 
and  others,  together  with  some  Cetaceans  and  Fhoddtt,  T^m#iit«^ 
Morse,  etc  The  very  remarkable  animal  DemoiAerimm  gigemiam  % 
characteristic  of  the  Miocene  beds  of  Europe  ;  while  another  ^eaB% 
2).  IndicuMy  has  been  found  at  Perim  Island  in  the  Qulf  of  Cunbij, 
and  at  Attock  in  the  Punjab.* 

In  the  Sewalik  HiUs  of  India,  Dr.  Falconer  and  Colonel  Cautky 
found,  together  with  portions  of  Mastodon,  five  extinct  elephants  (thiM 
of  them,  Ste^odon,  intermediate  between  EUphas  and  Mastodon\  a  Han- 
protodan  (extinct  hippopotamus),  a  Chalicotherium  (a  rhinoceros-lib 
pachyderm)  and  extinct  Giraffe,  a  Camel  and  large  Ostrich,  the  very 
remarkable  genus  Sivatherium,  together  with  Camivora  and  Monkejs, 
great  Crocodiles,  and  a  gigantic  Tortoise  {Colosiochdya  AtUu)^  the  cun«i 
shell  of  which  was  upwards  of  12  feet  long  and  8  feet  broad.  Fiftea 
species  of  fresh-water  shells  also  occur,  of  which  all  but  four  are  extinct, 
giving  a  percentage  of  about  25  :  lOO.t 

In  North  America  are  many  shells  of  the  genera  NaticOj  FuswtlU, 
Artemis,  Lucina,  Chama,  PectunculuSy  and  Pecten^  and  one,  AitarU  lot- 
dulata,  very  like  the  A.  hipartita  of  the  Suffolk  Crag.  **  Out  of  147 
of  these  American  fossils,"  says  Sir  C.  Lyell,  '^I  could  only  find  tbiitett 
species  common  to  Europe,  and  these  occur  partly  in  the  Suffolk  Ctig 
and  partly  in  the  Faluns  of  Touraine  ;  but  it  is  an  important  chiiV' 
teristic  of  the  American  group  that  it  not  only  contains  many  pecnlif^ 
extinct  forms,  such  as  Fusus  quadricostatus  and  Venut  tridaemi^ 
abundant  in  these  same  formations,  but  also  some  shells  which,  lib 
Fulgur  carica  and  F,  canaliciUatus,  Calyptrcea  castata^  VenuM  mertifun/^ 
Modiola  glandula,  and  Pecten  Mcu/eiianicus,  are  recent  species,  yet  d  | 
forms  now  confined  to  the  western  side  of  the  Atlantic — a  £sct  unplyins  j 
that  some  traces  of  the  beginning  of  the  present  geographical  diitnbB-  I 
tion  of  Mollusca  date  back  to  a  period  as  remote  as  that  of  the  Miocetf  I 
strata."  J 

*  See  Ly eU's  Element*,  ch.  ziT.  and  zv.      f  See  Lyell,  op,  cit.  p.  973.       |  I^U,  q^  ciL  |i  S^ 
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guishing  feature  of  the  Miocene  formations  of  Europe  is  the 
)ssl1  flora  which  they  contain.  In  the  Lower  Molasse  of 
,  for  example,  upwards  of  500  species  of  plants  have  been 
(ling  species  of  ^g,  palm,  Seqtioia,  Cinnamomum,  ferns,  etc. 

character  of  the  flora  indicates  a  warm  climate.  Yet  these 
been  found  even  in  Greenland,  where  they  occur  abundantly, 
size,  in  lat.  70®.    Hence  we  are  led  to  infer  that  the  higher 

was  not  characteristic  of  Europe  only,  but  extended  over  the 

misphere.* 

Foreign  IiOcaJitieB. 

information  on  the  development  of  Miocene  rocks  abroad,  the  student 
he  Elementary  Manual  of  Sir  Charles  Lyell,  and  the  authorities  cited 
nere  reference  to  the  subject  is  subjoined  here. 
ind  France, — ^The  Bolderburg  beds,  the  Faluns  of  Touraine  and 
i  Falunien  superieur  of  D'Orbigny,  are  classed  by  Lyell  as  Upper 
his  Lower  Miocene  he  places  the  Rupelian  of  Dumont,  occurring  near 
Kleyn  Spawen  beds  of  Limburg,  and  the  lacustrine  strata  with 
Luid  in  Auvergne  in  central  France.  Associated  with  the  J  latter 
iest  beds  of  lava  and  volcanic  breccias  which  b^an  now  to  be  poured 
istricts  of  Auvergnef  and  Velay,  and  continued  to  break  forth  at 
iter  times. 

and  Stcitzerland. — ^As  Upper  Miocene  are  included,  by  the  same 
trata  of  the  Vienna  basin,  and  the  upper  and  middle  Molasse  of 
he  former  yielding  an  abundance  of-  dicotyledonous  vegetation,  the 
e  fauna.  As  Lower  Miocene,  the  beds  of  the  Mayence  basin,  and 
lasse  of  Switzerland,  which  is  chiefly  of  freshwater  origin,  and  con- 
normous  masses  of  conglomerate*  Nothing  is  more  calculated  to 
logical  traveller  on  his  first  visit  to  Switzerland  than  the  vast  de- 
*  Molasse,"  occupying  the  central  region  between  the  Alps  and  the 
s  the  country  of  the  great  lakes,  extending  from  that  of  Geneva  to 
ance.  The  level  of  those  two  lakes  is  from  1100  to  1225  feet  above 
of  the  Brienzer  Zee  is  nearly  1800,  the  other  large  lakes  being  of 
lelghts.  The  hills  by  which  these  lakes  are  environed  have  all  the 
oken  character  of  mountains,  and  rise  into  x>eaks  of  various  altitudes, 
6050  feet,  which  is  the  height  of  the  Rigi  Kulm.  These  hills,  which, 
ot  overshadowed  by  the  still  loftier  Alps,  would  themselves  be  cele- 
MnSf  are  composed  from  top  to  bottom  of  beds  of  sand  and  gravel, 
ompacted  into  sandstone  and  conglomerate,  of  more  recent  origin 
'.st  beds  of  the  Isle  of  Wight  Their  thickness  is  equal  to  that  of 
Icneozoic  groups, — ^the  conglomerate,  called  Nagel-flue,  forming  all  the 
the  Rigi,  being  itself  stated  at  6000  feet  thick, 
irt  of  the  beds  in  the  hill  of  Superga,  near  Turin,  correspond  in 
t  with  the  Upper  Miocene  strata  of  Touraine  and  Bordeaux,  while 
are  others  in  which  well-known  Lower  Miocene  plants  have  been  found, 
'he  Sewalik  formations  which  compose  the  sub-Himalayan  range  of 
ded  a  great  variety  of  fossil  mammalia  and  reptiles,  as  well  as  fresh- 
Tliese  are  parallel  with  the  Upper  Miocene  fauna  of  Europe. 

Flora  Tertiaria  HdvetUe,    Lyell,  op.  cU.  chap.  xv. 

volcanic  mountains  of  the  Cantal,  and  that  of  the  Mont  Dortn  Auvergne,  are 
te,  as  may  be  tormised  ftrom  the  worn  and  eroded  condition  of  their  flanks, 
Lion  of  their  central  cones  and  craters,  when  compared  with  the  perfect  state 
i  which  are  probably  of  Miocene  age. 


CHAPTER  XK 


PliZOOianB  FEBIOD. 


Of  this  period  we  again  bave  lepresentatiTeSy  tfaongh  gmall  ones,  in 
Uie  British  Islands.  These  occur  in  Sofblk  and  Norfolk,  wIur, 
spreading  over  the  Lower  Eocene  formatioiHj  tliej  overiap  upon  the 
Chalk.  Their  uppermost  beds  consist  of  an  aasamblage  of  sands  and 
gravels,  which  are  locally  termed  Crag.  They  have  been  divided  into 
three  groups,  on  account  of  the  different  assemUages  of  oiganic  remains 
which  they  contain  Two  of  these  are  termed  Older  Plioeene ;  the 
third  is  classed  as  Newer  Pliocene.  Tbey  aze  mibdivided  as  fol- 
lows : — 


3.  Norwich  Crag 
2.  Red  Crag  , 
1.  Coralline  Crag 


20 
50 
30 


1.  The  Coralline*  Crag  is  composed  chiefly  of  soft  mazly  sands  of  a 
white  colour,  sometimes  speckled  with  green,  containing  occasionalij 
thin  bands  of  flaggy  limestone.  It  is  generally  about  20  feet,  bat 
sometimes  as  much  as  50  feet  in  thickness.  Near  Ipswich  it  has  betin 
denuded,  and  the  Red  Crag  is  seen  to  lie  in  the  hollows  that  have  been 
eroded  in  it,  which  is  the  only  direct  evidence  of  the  superposition  of 
the  Red  Crag  on  the  Coralline ;  otherwise  they  lie  aide  by  side,  the 
Coralline  Crag  being  confined  to  a  strip  of  country  twen^  nules  long 
by  three  or  four  wide,  stretching  through  Ipswich  from  the  Stooi 
river  to  the  Aide  river.  350  species  of  marine  mollusca  have  been 
found  in  this  formation.  Of  these  110  appear  to  be  extinc^or  31 
per  centt 

CharacUristAc  Fossils, 


ForarriMiifera 
Actinozoa 
Pdyzoa   .     . 


Opercnlina  oomplanata. 
Flabellum  Woodii 
Cellepora  cellulosa 


Br.  Foss.  Cor. 
Bosk's  Crag.  PoL: 


*  It  appears  that  this  term  Coralline,  although  now  settled  by  UBage,  waa  In  iwlitf  t 
mistake,  inasmuch  as  true  Corals  are  rare  in  the  Crag,  and  the  ooral-like  bodies  fooBi 
abundantly  in  the  " CorsUine,"  but  not  entirely  absent  ttom  tha  "Bed**  Orsg,  are  not  i& 
reality  Actiiu>zoa  but  P6Lytoa.—{PaL  Soc»  Edwards  and  Haime.) 

t  Searles  Wood,  in  PaL  Soc  Monograph. 

t  Busk's  *•  Polyzoa  of  the  Crag/  PaL  Soc,  Monoffraph, 
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rfjitoo   .     . 

TbMDMglolMM    . 

Bnik's  Cr>g.  PoL 

Ly.  Man.  flg.  166. 

FOM.  gr.  18,  c 

Ly.  M»a.,  flg.  190. 

™a./™  . 

Artarto  Oni»ai  (md  Red  Or.) 

ro«.  gr.  *6,  i 

CiidJta  senili*  (wid  Red  Or.)  . 

Ibid.     48,  t 

Wood,C«g.  MoL' 

Cyprins  nuitica     . 

T.h.  Viuir. 

Oitnea  priiuwpa  (and  R«d  Cr.) 

Wood,  Cng.  UoL 

PectenOflTudi      . 

Tab.  View. 

Pjnila  TetienUU  . 

Ly.  Han.  fig.  16S. 

BuUa*«Blpta      . 

Wood,  Cng.  MoL 

CMsidwm  bioiteiiata 

Tal).  ViBW. 

VolutaLsmberti  . 

Pom.  gr.  46,  /. 

Com»tul«  Brownii 

Forbee,  Ter.  Ech. 

EchinUB  WoodirardU 

Fo«.  gr.  46,  o. 
Jhid.     46,  & 
Ibid.     47,  b. 

Echinocyuniu  pngUlns 

FobU  Oronp  No.  M. 

Conllln*  Cng  FouUi. 

0.  EcUnni  WoodwaidiL  d.  Aituto  Omilii. 

b.  Temucblniu  excavitna.  «.  CardtU  hd<Ub. 

E  TsrsbntnU  B»Ddl».  /.  Tolnu  IJuoberti. 

"IlullolliucaattlMCnig.'by  Mr.  S«rla  Wood,  Pat.  Sue.  JfoiHvnipi. 
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%.  Th«  Bed  Otbk  coiuisti  o£  bed«  of  led  ■l''f**"T*  MBJi 
gnrel,  with  accamulBtioiis  of  rolled  shells.  It  is  Teiy  vuuh 
chuftcter,  sometimes  regularly  sttultfied,  i        '' 


b.  Echh 


Like  the  Coralline  or  Wliite  Crag,  it  rcHcmblea  tile  dcpocita  wfa)< 
may  now  suppose  to  be  taking  place  in  the  ehoUow  bed  of  the  Q« 
Ocean.  Of  S56  species  of  mnritie  shells  found  in  it,  6&,  or  85  per 
are  estiact. 

'  CharacCeriitie  FoitO*. 

Polrmorphioa  commanii 

BiJAOopbyllia  colycolua 


AOntcaoa 


Astarte  obliqusU  . 
Csrdium  anguntatum 
Hoctra  conatdeta  . 
Pwlcn  plcbeius     . 
Pwtunoulus  vnriabilis   . 
Nucula  Cubboldia 


(Uring.) 
Fobs.  ft.  47,  •. 
Tib.  View. 
Fosfc  gr.  4T,  t 

Ibid.     il.d. 

Ibid,     tj,  (. 
Tsb,  View. 

Hid. 
Lj.  UuL  Ig.  li 
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jpoda 


lalia 


Columhella  snlcata 
Cancellaria  costellifera  . 
Cypnea  Europea  . 
Fusus  antiquuB 

contrarius  (Tripbon  antiquam) 

Nassa  reticosa 

Natica  hemiclansa  « 

Purpura  tetragona 

Scalaria  Groeidandica     . 

Voluta  Lamberti   . 

Balsenodon  emarginatus  (ear-bonea) 

Felia  pardoides      .... 

Mastodon  Arvemensis  (angusUdens) 

Bhinoceros  ScbleiermacherL 

Tapirus  priscus. 

Cerrus  anoceros. 


Po88.  gr.  47,  /. 
Tab.  View. 
Ly.  MazL  fig.  153. 
Tab.  View. 

Ihid. 
Fobs.  gr.  47,  i. 

Ibid.     47,  g. 

Ibid.     47,  h. 
(Living.) 

Ly.  Man.  fig.  157. 
Tab.  View. 
Owen,  Foss.  Mam. 
Ibid, 


here  are  many  fossils  common  to  the  CoraUine  and  Bed  Crags, 

of  which  lived  in  both  periods,  but  others  may  possibly  have 

washed  as  fossils  from  the  Coralline  into  the  R^  Crag.     There 

Iso  fossils  common  to  the  two  Crags  and  to  more  recent  deposits, 

t  is  obviously  likely  that  the  still  existing  species  found  in  either 

3  Crags  will  also  be  found  in  any  or  all  subsequent  deposits,  either 

s  British  area  or  elsewhere,  according  to  their  subsequent  migra- 

Of  the  living  species  that  are  found  in  the  Bed  Crag  but  not  in 

/oralline  or  any  earlier  deposit,  it  is  noteworthy  that  they  have 

ler  more  northern  character  th^i  the  fossils  of  the  Coralline  Crag 

many  of  them  still  inhabiting  our  own  coasts.     Others,  however, 

many  of  the  living  species  of  the  CoraUine  Crag,  are  now  only  to 

and  in  more  southern  seas. 

.  "Norwich,  or  Mammaliferous  or  Fluvio-marine  Crag. — ^There  are 
le  neighbourhood  of  Norwich  certain  beds  of  sand,  gravel,  and 
,  which  go  by  the  name  of  Crag,  as  well  as  the  two  older  divisions 
e  Pliocene  series  just  described.  They  have  yielded  a  mingling 
nd  and  fresh-water  shells,  with  a  large  proportion  of  marine 
es,  together  with  bones  of  several  extinct  species  of  Mammalia. 
Land  and  fresh-water  shells  amount  to  20  species,  all  still  living, 
possibly  one  species.  The  marine  species  nimiber  124,  of  which 
:  18  per  cent  are  extinct  There  is  a  certain  admixture  of 
lem  species  in  the  molluscous  fauna  of  the  Norwich  Crag,  indi- 
^  the  beginning  of  that  severity  of  climate,  which  reached  its 
,x  later  in  what  is  known  as  the  Olacial  Period,  when  many 
c  species  of  shells  lived  abundantly  in  our  seas,  where  they  arc 
either  extinct  or  exceedingly  rare. 


iopoda  . 
i/era     . 


Characteristic  Fossils. 

Bhynchonella  psittacea. 
Nucula  Ck)bboIdi8B. 
Panopea  Norvegica. 
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SnunORAFHICU.   OBOIOGr. 


Cudin 


Dec,  mjnrt  iT**'** 


Foreisn  loeaUUe*. 
TIw  itndtBt  H  igain  nfemd  to  Um  JTdnul  of  Sb  »■!■  I 
cellared  ■  bod}  at  Inlbmiaioa  oo  tha  TMitiy  roAi  of  Snal^  »».-..   ^ 
^■(■inTi. — Soma  attalK  ■niimd  A>tva|^  lad  tn  the  fcnb  «f  *1 

brlow  that  city,  coDtain  300  ipadca  of  ^cDs,  of  which  rw^ythlrdf  m  B(  M 
thow  cpf  thr  Crap  o[  Soffolt.  More  thin  halt  at«  living  tpreia.  Tn^ 
bekngiD^  to  Um  Oeitic,  thongli  (oine  an  Luataniai)  \  Matiiui  luml  ifn^ 

Ilalg, — Tba  lub-Apeunina,  or  low  hilU  inlerreaiiig  betrem  tkt  1)^ 
■aJ  Ibe  BBi,  00  tath  iide  of  Ililj,  are  made  of  Teitiiry  exmt,t<t  mted)^ 
o[  Uiocme,  part  of  Pliocene,  and  part  of  ■  still  more  icceot  pCTiod.  Tfc" 
AeU  and  PanDA,  and  the  bloc  marl  f4  Siemu,  whjcli  oea  Pmia  B  S*" ' 
Ihidi,  oncT  vhidi  an  tpUdw  uods  and  ooDglomcnta  (onncd  ca  Ifa  M> 
(tf  tfaa  sea,  belo^  to  thii  period,  w  do  the  Tertiaf;  manne  bed<  tiimi^ail 
(/  the  eetea  hllla  of  Rome. 

^eUg. — Stnta  of  newer  PUorene  age  cotct  Dearly  ILe  half  iJSal),^ 
to  a  beigfat  of  3000  [wt  iboTe  the  sea.  Their  tipper  calcuma*  &i6a  M 
tinm  anain*  a  thickuesa  of  TOO  or  SOO  feet  Philipvi  M»m  thtf  nt ' 
■pedes  of  fonil  ahells  from  then  dtpadts,  35  «e  citiuct.  f 

S.  £uHu.— Sir  a  I.  MorchiwiD  and  U.  de  Veraeuil  dwoibt  iB»«« 
sauds  rising  wca»Ji.uallT  ^.  %hi  iiejght  of  sereral  hundrfi   fwt  .ton  fc 

■    ■'    _     .'"-,''"■  ':'     t':^.'.    "■'"•■■?  "ui,:  AnlsO" 


CHAPTER  XLL 

IV.  THE  POST-TERTIARY,  QUATERNARY,  OR 
PLEISTOCENE  PERIODS. 

GliAOIAIi    PEBIOD.* 

SRENCE  has  been  made  in  the  foregoing  chapter  to  the  evidence 
[shed  by  the  Crag  of  a  gradual  refrigeration  of  the  climate  of  this 
of  Europe.     That  diminution  of  temperature  continued  during  the 

geological  period,  and  it  is  chiefly  the  process  of  this  change  of 
ate,  and  the  traces  which  it  has  left  behind  it,  which  will  occupy  us 
le  present  chapter. 

[n  the  deposits  now  to  be  described  aU.  the  shells  belong  to  living 
les ;  in  the  older  beds  the  mammalia  are  partly  extinct,  in  the  later 

all  the  fossils  are  of  recent  species. 

rhe  fragmentary  and  local  character  of  so  many  of  the  late  forma- 
)  makes  it,  as  we  have  seen,  often  difficult  to  ascertain  their  order 
squence  and  age.  We  are  left  to  draw  inferences  as  to  relative 
][uity  &om  the  proportion  of  extinct  species  of  fossils  in  the  different 
«itd,  but  this  test  may  often  be  most  fallacious,  and  should  not  be 

independently  of  the  physical  evidence  of  former  changes  furnished 
he  varying  character  of  the  deposits  themselves.  In  many  cases  no 
r  of  superposition  can  be  determined,  because  the  deposits  whose 
ive  antiquity  we  wish  to  ascertain,  are  not  found  in  contact,  but  in 
rate,  and  perhaps  distant,  localities.  We  can  only  arrange  them 
ich  sequence  as  appears  best  to  harmonise  their  respective  histories, 
to  indicate  the  most  probable  order  of  geological  change. 
Ihe  deposits  indicative  of  the  passing  of  that  great  section  of  Post- 
iary  time,  known  as  the  Glacial  Period,  may  be  grouped  as  imder, 
order  being  as  far  as  possible  a  chronological  one,  with  the  oldest  at 
bottom,  though  it  cannot  be  asserted  positively  that  some  of  the 
dons  may  not  have  been  really  contemporaneous  with  others  which 
[lere  placed  beneath  them. 

Table  of  the  Glacial  Deposits  of  Britain, 

7.  Moraines  of  valley-glaciers. 

6.  Higher  Raised-beaches. 

6.  Stratified  Clays  with  Arctic  shells  (Clyde  beds). 

*  Be-wxitten  by  the  Editor. 


4.  Erratic  BloeVii. 

3.   Koines  or  E«ken,  and  upper  samlj  awl  gm^T 

5.  BonUer  Gsy,  with  beds  of  Buid  mad  grml,«iid 

contiun  marine  shelU.     The  lower  pait  at  th 

ot  Till  is  in  Scotluui  oafoasilirerovi^  nato  on 

iurfaMs,  and  i«  t^anled  as  of  terretfnal  oigin. 

I.  SondH,  gnkvek,  etc,  wiUk  pluUs  and  maianafiiB  R 

Fore«l-t)ea), 
These  deposit*  niU  be  described  in  the  otAk  d 
sntiquity,  beginning  with  the  oldest,  sltboagh.  m  sIk 
it  ia  not  always  [>o8«ible  Mlisfactorily  to  laakt  tmt  • 
arrangenu^ni,  fo  tlutt  the  oni«r  here  i^rea  Bmj  rtfi 
modificatioQ. 

1.  Bed*  imdar  the  Bonlder-CUr. — UndeTDwUl  IIm 
to  b«  iramediBtel}'  deacnbed,  there  oocor  oecMMml  4 
eerve  in  some  cms*  to  indicate  the  tulure  aztd  padtida 
(>f  the  land  prerious  to  thoM  geological  conditiona  na 
bouId<;r-clay  itself  woe  formed.  Such  depoAild  necesuil] 
character,  and  maj  belong  to  long-sepanted  periods  of 
agreeing  with  each  other  in  lyii^  below  the  bouldeiwJi 
interesting  and  best  known  of  them  is  that  which,  iindc 
the  Cromer  Forest-lied,  extends  for  about  fortj  miles  si 
of  tlie  Norfolk  cosft.  It  conmste  of  the  remains  of  u 
vhicb  the  tree-etnaips  Ktill  remain,  with  their  roots  in  t 
and  overspread  with  the  decayed  vegetation  which  has 
of  lignite,  wherein,  besides  eeetls  of  land  plants  and  frc 
the  bones  of  about  twenty  species  of  terrestrial  mamnu 
found.  Of  these  only  half  now  survive,  the  rest  being  ei 
them  occur  rrtia  Arrernemitf  SAinoaro*  Etmteta,  and 
EltjihoM  antiquiu  and  K  mtridionalu,  Equut  fouiSit, 
major,  together  with  the  mnsk-ox,  mole,  Irish  elk,  stag. 
In  Scotland  some  beds  of  t«nestrial  origin  have 
Ayrshire,  underlying  the  bouldet-clay,  and  contAini 
fresh-water  plants  as  well  as  of  the  manuuoth.l' 

Ie«-wora  Aapeat  of  Britain. — The  genera]  snifttM 
of  the  British  iRland^,  excluding  the  centre  and  south  ( 
a  nnoothed  contour,  which  b  now  recognised  as  the  w 
Hills,  valleys,  and  knoll«  of  rock  have  been  ground  t 
rec^ved  that  characteristic  Sowing  outline  which  io 
natural  agencies,  can  produce.  When,  moreover,  w 
superficial  cover  of  detritus,  and  examine  the  eoifnce 
neath,  we  6nd  it  covered  with  the  well-known  groorin 

*  Omlan  "t  NorJiA  CieM).  b^  Rn.  JohD  Onus  :  Bor<l  Prnvkiio,  Q^ 
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are  met  with  by  tlie  side  of  everj  modem  glacier.  These 
-.gB  are  not  disposed  at  random,  but  run  in  more  or  less  parallel 
L'  And  when  we  examine  them  over  the  length  and  breadth  of 
-finiti3r,  we  discover  that  they  point  away  ontward  in  every 
:0S1  firom  the  main  masses  of  high  gronnd,  indicating  that  the  ice 
'  produced  them  covered  the  land  in  a  deep  continuous  sheet, 
of  Qreenland,  and  that  it  moved  outward  and  downward  from 
grounds  to  the  sea.     So  vast  was  the  mass  of  ice  that  it 

over  even  considerable  hills,  smoothing  and  striating  their  sides 
Kmmita.  To  this  period,  according  to  Professor  Ramsay,  is  to  be 
atod  the  general  erosion  of  the  present  lake-basins  of  Britain.* 
«er  feature  of  the  surface-geology  of  the  country  dates  from  the 
zieriod — ^the  widely  distributed  boulder-clay.t 

Sonlder  Clay  or  TilL — This  deposit  is  not  at  all  likely  to  be 
tjided  with  any  other.  It  consists  of  a  mass  of  unstratified  clay, 
i^ocks  and  boulders  of  stone  stuck  in  it  promiscuously,  the  whole 
iig  to  be  the  result  of  an  irregular  pell-mell  carrying  forward  and 
Maxm  of  the  materials. 

Om  colour  and  general  composition  of  the  mass  vary  according  to 
i:tare  of  the  rocks  from  which  it  has  been  derived.  Thus,  in  a 
.  of  dark  carboniferous  shales,  the  boulder-clay  is  leaden,  grey,  or 
;  in  one  of  Old  Red  Sandstone  it  is  red,  and  so  on.  t 
^e  stones  in  the  clay  range  in  size  from  mere  grains  of  sand  up 
aaes  a  yard  or  more  in  length.  Wherever  the  rock  of  which  they 
t  has  been  of  a  kind  to  receive  and  retain  surface-markings,  tbe 
^  are  found  to  be  covered  with  ruts  and  strise,  which  run  for  the 
{Mut  along  the  long  axis  of  each  stone.     There  can  hardly  be  any 

that  these  markings  have  been  produced  under  a  sheet  of  land-ice 
»  manner  already  described,  §  and  that  the  boulder-clay  is  thus  the 
tct  of  the  grinding  of  vast  masses  of  ice  over  the  country.  From 
tady  of  the  composition  of  the  stones  in  the  boulder-clay,  it  is 
ly  possible  to  tell  from  what  quarter  they  have  been  carried, 
hence  to  ascertain  the  direction  in  which  the  ancient  ice-sheet 
d.  In  this  way,  for  example,  we  learn  that  in  Scotland  there  was 
leral  divergence  of  the  great  ice-mass  outward  from  the  main  mass 
e  high  grounds,  so  that  in  one  district  the  movement  was  northerly, 
other  southerly,  or  eastwards  or  westwards.     Additional  evidence 

ee  ante,  p.  460. 

nthe  General  Olaciation  of  Britain,  see  Agassiz,  Proc  Geol.  Soc,  iii.  827;  Edin.  New 
(mm.,  zxxiiL  217;  Ramsay,  Quart.  Joum.  GuH.  Soc,  viiL  xviii. ;  The  Old  GlaeUn  of 
1869 ;  Phyrical  Geography  of  Britain^  1863  ;  Chambers,  Edin.  New  PhU,  Joum.,  Uy. 
[flclaren,  Edin.  PhU.  Journ.,  1849 ;  Jamieaon,  Quart.  Jowm.  Geol.  Soc,  vol.  xvUL  ; 
"On  Glacial  Drift  of  Scotland,"  Tram.  Gtal.  Soe.  GUugow,  I  iMirt  ii.,  and  Scenery  of 
d ;  Maxwell  H.  Close  on  "  Glaciation  of  Ireland,"  Jowrn.  Geol.  Soc  DvU\u«\%^^ 
eikie,  Tratu,  G0OI.  Soe.  GUuffow,  t  part  ii  p.  87.  |  Q«e  aiOe,  ^.  V^)i^ 
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of  the  former  presence  of  land-ice,  and  of  the  directiim  in  vldcli 
moved,  is  furnished  by  the  smoothly-poliahed  and  striated  anite 
rock  on  which  the  boulder-day  ii  nanally  fonnd  to  rest  Such  m 
BQifaces  are  unequivocally  the  work  of  land-ice,  like  the  rodkm  aiwrti 
described  in  a  previous  chapter.*  They  axe  found  all  over  the  mi 
of  Scotland,  Ireland,  the  north  of  England,  and  Wale&  So  pafa 
indeed  are  all,  even  the  hardest  rocks,  rounded  and  smoothed,  ti 
the  very  universality  of  the  process  prevents  its  striking  an  eye  i 
instructed  in  the  nature  of  the  phenomenon.  The  summits  of  1 
highest  mountains,  which  either  rose  above  the  ancient  ice-sheet, 
which  have  been  broken  up  by  atmospheric  waste  sinoe  the  ^ 
period,  bristle  with  rough  peaks  and  crags,  but  their  lower  slopes  tn 
smooth  and  rounded,  and  this  smoothing  is  continued  down  even  bd 
the  level  of  the  sea.  In  many  cases  precipitous  faces  of  hard  n 
have  been  undercut  into  broad  grooves  and  mouldings,  of  seven!  ind 
in  depth,  and  a  foot  or  two  in  width,  just  as  the  precipices  vk 
glaciers  now  rub  against  are  grooved.  The  surface  of  the  rocks  on  I 
slopes  and  t4)ps  of  the  hills  are  traversed  also  by  striae,  or  scntcl 
running  in  ])arallel  lines,  sometimes  as  faint  as  the  lines  of  an  cngi 
ing,  but  often  deep  enough  for  a  thick  pencil  to  lie  in,  or  even  dw 
ruts  or  flutings,  wliich  would  hold  a  human  body.  These  characteii 
surface  features  have  been  produced  by  the  grinding  of  a  thick  masf 
ice  over  the  face  of  the  country,  while  the  boulder-clay  itself  reprwe 
the  grundmorUm\  or  bottom-moraiuc  of  the  same  ice-mass. 

There  occur,  however,  such  marked  differences  between  the  boolJ 
clay  of  distinct  districts  as  to  point  probably  to  consideralde  diversii 
of  origin.  The  description  already  given  applies  to  the  massive  loi 
boulder-day  or  till  of  Scotland  and  the  north  of  England.  But 
parts  of  the  Scottish  till  there  occur  intercalated  local  beds  of  sai 
clay,  and  gravel,  sometimes  full  of  peaty  vegetation,  and  with  renai 
of  the  mammoth,  etc.  Such  intercalations  appear  to  indicate  wun 
periods,  when  the  ice  had,  partially  at  least,  retired  from  the  face  d  \ 
country,  so  as  to  allow  vegetation  and  large  mammals  to  cover  it  anei 

We  have  still  much  to  learn,  however,  regarding  the  flon  « 
faun^  of  the  land  during  the  climax  of  the  Ice  age.  It  is  ei 
to  understand  that,  when  the  country,  so  far  as  it  then  rose  above  1 
sea,  was  covere<l  with  snow  and  ice,  little  trace  need  be  looked  1 
of  the  contemporary  land-surfaces,  or  of  the  vegetation  and  t 
animals  which  then  lived  there.  Still,  some  glimpses  have  aires 
been  obtained  into  this  subject,  and  more  may  be  expected  as  n 
sections  of  the  boulder-clay  are  examined.  Of  the  Mammalia  chsn 
teiistic   of  the   Glacial   Period,   may  be  mentione<l   the   Mammoi 

*  See  aiUe,  pp.  408,  409. 
\  Bee  QeUde»  Traiit,  Gtal,  Soe.  Glasgow,  1.  part  11.  p.  68 ;  Mahooy,  GtoL  Ma§.,  Ti  IM. 
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ticboThine  Rhinoceros,  Remdeer/MuakHslieep,  Bos  primiffenius,  Bison 
frucus,  and  Cenms  m^foceras. 

ImmenBe  numbers  of  teeth  and  tusks  of  the  mammoth  are  found 
In  Siberia,  and  complete  beds  of  them  in  Escholtz  Bay,  on  the  north 
eoast  of  America.  The  whole  carcass  of  the  animal  has  actually  been 
leooyered  from  a  frozen  diff  in  Siberia,  and  foimd  to  be  coated  with 
long  coarse  hair,  forming  a  shaggy  mane  about  the  neck,  underneath 
which  was  a  woolly  coat,  evidently  a  defence  against  the  sevdiny  of  a  j 
teold  climate,  and  showing  that,  imlike  our  modem  elephants,  thcT 
inimal  was  not  tropical  but  arctic.  Its  tusks  are  largely  exported 
from  Siberia  to  be  used  as  ivoiy,  and  some  found  in  England  have 
been  thus  used.  They  were  longer  and  more  incurved  than  those  of 
either  of  the  existing  elephants,  some  of  the  tusks  measuring  ten  feet 
in  length,  while  the  transverse  plates  of  the  teeth  were  closer  and 
narrower  than  in  the  Asiatic  elephant,  and  very  different  therefore  from 
the  African,  in  which  the  plates  of  enamel  form  lozenges  on  the  upper 
•orfEU^  At  Escholtz  Bay  the  cliffs  are  said  to  be  either  ice  or  coated 
with  ice,  and  on  the  top  of  them,  embedded  in,  and  partly  covered  by, 
boggy  and  sandy  soil,  are  numberless  bones  that  have  lost  but  little  of 
their  animal  matter,  hair  being  dug  up  with  them,  and  the  whole 
island  having  a  charnel-house  smelL  The  bones  were  those  of  EUphat 
primigemuBy  Equta  fosgilii^  Cervus  dices  (moose  deer)  and  C,  tarandus 
(reindeer),  Ovibos  (musk-sheep),  Ovibos  maximus  (a  musk-sheep  of  greater 
size  than  any  living  one),  Bison  latifrons  (Arctic  fossil  Bison),  Bison 
erasstcomis  (heavy-homed  bieon),  and  other  bovine  animals.*  A  whole 
CKTcass  of  the  Rhinoceros  tichorhinits  has  been  in  like  manner  dug  out 
of  the  frozen  soil  of  Siberia,  and  is  described  by  Pallas  as  covered  with 
a  woolly  coat 

The  Cervus  megaceros  or  Megaceros  Hibemicus,  of  which  the  remains 
have  been  not  unfrequently  found  in  Ireland,  was  not  an  elk,  as  it  is 
often  called,  but  a  true  deer,  intermediate  between  the  fallow-deer  and 
the  reindeer.  It  inhabited  the  same  frozen  plains  with  the  extinct 
mammoth  and  the  woolly  rhinoceros,  and  with  the  still  living  rein- 
deer and  musk-sheep. 

In' Lancashire  a  threefold  subdivision  of  the  boulder-clay  has  been 
made  into— 1.  Lower  boulder-clay  ;  2.  Middle  sands  and  gravels ; 
3.  Upper  boulder-clay  ;  and  this  arrangement  has  been  found  to  hold 
good  over  a  large  area  of  the  low  land  in  the  north-west  of  England, 
the  middle  subdivision  sometimes  yielding  marine  shells.^  In  Scot- 
land no  such  subdivision  has  been  found  practicable,  although  there, 

*  Blcluudion's  Polar  Voyanta,  p.  296. 

t  See  the  Memoin  of  (he  Geological  Survey ^  ezplanntory  of  the  Mape  of.  Lancashire,  etc. 
Xneh  infonnatioii  r^;arding  the  boalder-chtys  of  the  Bast  of  England  will  be  found  in 
paper*  by  Mr.  Bearlee  Wood  Jan.,  Q%Mrt.  Joum.  Qtol.  Soc,  vols,  zzl  zziiL  zziv. 

2  z 
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too,  there  occur,  in  the  middle  and  upper  parts  of  the  boulder-cli 
nunierous  lenticular  patches  of  sand,  gravel,  and  clay,  in  which  luaix: 
shells  are  occasionally,  though  rarely  found.  There  is  also  a  difereai 
between  these  upper  parts  of  the  boidder-clay  and  the  stiff  lover  ^ 
already  described.  They  are,  on  the  whole,  more  loose  and  gnnH 
tham  the  latter,  contain  a  greater  number  of  large  bouldeis,  At 
Bometimod  a  rude  stratification,  indicate  a  longer  transport  (k  tbe 
component  materials,  and  in  the  maritime  tracts  contain  fr3gm«&Ui 
marine  shells.  We  may,  with  some  probability,  regard  these  clay?  t 
really  a  continuation  uf  the  stifif  lower  imfossiliferous  clay,  into  whii 
they  certainly  jniss,  and  from  which  it  is  often  quite  impossible  i 
distin«{ui^>h  them.  They  may  have  been  formed  by  the  grinding  of  li 
same  ice-sheet  over  the  land  ;  but  they  will  then  indicate  for  us  tLiX 
portions  uf  the  great  ffrund-morane,  which,  instead  of  accumulating  c 
or  close  to  the  bind,  were  actually  pushed  by  the  advancing  ice  far  o: 
to  sea,  where  they  were  more  or  less  affected  by  marine  currents,  m 
sometiiues  received  and  preserved  marine  organisnis.* 

Between  the  upi)er  or  marine  parts  of  the  boulder-clay  an«l  tl 
succeediii;;  glacial  deposits,  we  are  not  yet  able  to  draw  any  satiiL 
tory  line  i>l'  demarcation,  or,  at  least,  to  speak  very  definitely  uf  tl 
geological  changes  by  which  the  former  were  succeeiied  by  the  Liu 
formations. 

3.  Upper  Sandy  and  Gravellj  Drift :  Kames  and  Sskers. — Over 
great  part  of  the  British  Islands  the  l>oulder-clay  is  covered  by  luas* 
of  sand  and  gravel,  spread  more  or  less  irivgiilarly  over  the  surfi? 
and  rising  to  hoight^s  of  moi-e  than  2000  feet  in  Wales.  That  ilii^ 
gravels  are  of  marine  origin  may  be  infeiTed  fi-om  their  wide  eitto 
and  their  position  on  the  tops  of  ridges  and  watersheils,  but  the  fart^ 
rendered  certain  by  the  occasional  occuiTence  in  them  of  marine  ihzlui 
On  .the  hiJl  called  ^loel  Tr}-faen,  near  the  Menai  Strait,  tifty--'=cVc: 
species  of  nioUusca,  indicative  of  a  colder  climate  than  that  of  on 
present  seas,  have  been  met  with  in  the  sands  and  gravels  of  the  'iii 
of  that  region,  at  a  height  of  1300  feet  above  the  sea-t  In  Che^li-" 
and  other  adjacent  districts  marine  shells  have  been  tracetl  up  to  ^ 
height  of  1 200  feet,  and  near  Dublin  they  occur  at  a  similar  elevali't; 

*  Tranii.  (h'A.  Six".  GUj.<gnir,  i.  part  ii.  p.  09. 

t  Sec  TrimintT,  Quart.  Journ.  (hoi.  iiuc.,  vvl.  L  p.  331.  I>arbishin\  M>^nch*MtT  T.- 
Soc  PriK'.  ill.  177. 

t  Sw  llarkuoss,  deal.  Mog.  1S(J9,  p.  545.  Since  the  lost  cditioD  of  lUis  Maniul  wa»r  ' 
lished,  niarino  shells  have  K^eii  foun«l  by  the  Kcv.  Maxwell  H.  Close  in  s&nU:*  anJ  ^^•• 
at  heights  of  luOO  and  IriOO  feet  uIh^vo  the  iK>a.  Near  Bullye-dmunUutt'  Uons^  {\**^}  iM\  ■' 
the  east  si«le  of  Three  R«K*k  Mountain,  lie  obtained  Cyprituj  IsUindictt.  TurritfUf  cv»ji,s«-'' 
Oftreaeduii^,  I'vnui  striatuUt,  Mnttrn  itultornm  {1),  Mya  truncntn(ty,  Pichit  {sniaXl  ^pv^^f 
while  near  CallK?i;k  Cautle.  on  tlie  west  side  of  the  same  uiouiitain.  ut  a  bcight  of  li^i'-fr*" 
ho  found  Cyprinn  hlnndiea,  Mnctra  ntuUorttm,  and  P'eHtu  caiina(*),  aluDg  with  ohalk !£'•> 
— (,&m.  note  furnished  tu  the  editor  by  Mr.  Close.  J 
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rhe  marine  drifts  are  well  developed  in  Ireland,  and  a  brief  account 
■pir  occurrence  there  may  be  of  interest  to  the  student.* 

*  The  centre  of  Ireland  is  chiefly  a  great  plain  of  Carboniferous 
■tofne,  partly  surrounded  by  several  groups  of  lofty  hills,  composed 
m  older  rocks,  which  rise  from  beneath  the  limestone.  The  hills 
m  south  of  this  plain  have  every  height,  up  to  3000  feet  above  the 

Other  hills,  rising  to  heights  of  800  or  1000  feet,  are  com- 
H  of  Coal-measures  lying  on  the  limestone  ;  these  are  surrounded 
■dleys  which  are  branches  of  the  limestone  plain.     The  general 

of  the  limestone  plain  is  from  100  to  300  feet  above  the  sea,  only 
r  isolated  hiUs  of  limestone  in  the  interior  of  the  country  rising  to 
Dch  as  500  or  600  feet. 

^  The  low  country  is  largely  covered  by  a  widely  spread  mass  of 
^  consisting  of  dark  sandy  boulder-clay,  with  pebbles  and  blocks, 
occasional  beds  of  sand  and  gravel,  sometimes  very  regularly 
LJIed.t  The  great  majority  of  the  pebbles  are  rounded  fragments 
Eurboniferous  limestone,  whence  the  deposit  usually  goes  by  the 
»  of  the  Limestone-'graveL  This  deposit  rests  not  only  on  the 
rtene,  but  sweeps  up  on  to  the  flanks  of  all  the  hills,  both  those 
I&  are  made  of  the  lower  Palaeozoic  rocks  and  those  formed  of  the 
•zneasures.  In  each  case  the  limestone-gravel  becomes  largely 
led  with  detritus  of  the  rocks  of  which  the  hills  are  made,  and 
felmes  to  such  an  extent  that  the  local  rocks  assume  a  decided  pre- 
exance,  and  occasionally  compose  almost  the  whole  of  the  deposit 
limestone-gravel  is  found  in  considerable  abundance,  however,  and 
entirely  composed  of  limestone  pebbles,  up  to  heights  of  1200 
the  granite  mountains  south  of  Dublin,  t  Chalk  flints  and  pieces 
Antrim  chalk  are  found  in  it  in  the  county  of  Dublin  up  to 
^^  of  1200  feet,  and  at  lower  elevations  along  the  whole  eastern 
Southern  coast  of  Ireland,  at  least  as  far  as  Ballycotton  Bay,  on  the 
'  of  Cork. 

^  A  widely-spread  mass  of  limestone-gravel,  probably  not  less  than 
to  150  feet  thick,  forms  the  gently-swelling  tract  known  as  the 
K^h  of  Kildare.  The  Coal-measure  hills  of  Castlecomer  coalfield 
^  the  limestone-gravel  on  their  flanks,  and  also  isolated  patches  of 
^ith  blocks  of  limestone  of  a  foot  or  more  in  diameter,  in  hollows 
the  top  of  the  table-land  at  heights  of  as  much  as  700  and  even 

*  Thin  account  of  the  Irish  Drifts  was  published  by  the  Author  in  the  last  edition.  It 
n  retained,  as  giving  a  faithful  description  of  the  general  character  of  these  Drifts, 
gh  it  does  not  profess  to  discriminate  between  such  parts  of  the  series  as  may  be 
otfd  to  the  marine  conditions  of  the  earlier  or  boulder-clay  period,  and  those  which 
fferable  to  the  true  upi>er  sandy  and  gravelly  drift  of  Great  Britain. 

Xliia  seems  to  be  Uie  equivalent  of  the  Scottish  till,  at  least  of  its  upper  parts. 

f^  Explanation  of  Sheets  102  and  112»  Qeological  Survey  of  Ireland,  and  paper  by  Uc. 

tn  J<mn».  Gtol  Soc.  Dith.,  voL  vi. 
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1000  feet  above  the  sea.*  Other  spaces  at  lower  levels  are  quite  fat 
from  any  Drift,  and  it  is  doubtful  in  these  cases  whether  the  Drift  m 
deposited  in  local  patches  or  whether  it  once  formed  a  general  caraa^ 
to  the  country,  and  has  since  been  in  part  removed  by  denudatioa. 

^  Limestone-gravel,  often  with  large  blocks,  which  are  picked  ootl^ 
the  farmers  and  burnt  for  lime,  is  found  high  up  on  the  northern  flub 
of  all  the  hilW  of  the  south  of  Ireland,  such  as  the  Knockmealdon,  tk 
Galtees,  the  Slieve  Bloom,  the  Keeper  group,  and  the  Slieve  Benagk 
and  Slieve  Boughta  hills.  In  some  cases  the  blocks  are  very  lu^ 
Mr.  0*Kelly  mentions  one  of  25  ft.  x  15  fL  x  5  on  the  Coal-meaaom 
near  Killenaule.t  Mr.  Wynne  gives  a  sketch  of  one  21ft  x  9fi.x:J 
resting  on  Silurian  slate,  at  a  height  of  890  feet,  near  MoneygalLS  Me. 
Du  Noyer  §  sketches  that  known  as  Cloghvorra,  near  Kenniare,  wtiA 
measures  26  ft  x  16  ft  x  15  ft,  and  rests  upon  Old  Bed  Sandstone, btf 
may  be  derived  from  the  limestone  in  the  valley  below.  Others  are  ^ 
be  found  in  the  valley  under  Caherconreagh,  in  the  Dingle  promontoiv. 

"  In  an  examination  of  Glenbarrow,  on  the  north  flank  of  the  Slie« 
Bloom  mountain?,  with  Mr.  O'Kelly,  I  was  much  struck  with  the  faett 
to  be  observed  respecting  the  Drift  These  hills  are  composed  d 
Lower  Silurian  rocks  covered  by  Old  Red  Sandstone,  and  tbey  daft 
gently  down  from  heights  of  about  1600  feet  to  the  limestone  plai^ 
that  stretche«»  av<*  far  as  the  horizon  oroimd  them  to  the  west  anil  north. 
and  is  only  tirrminated  towards  the  east  by  the  Coal-measure  hills  of  the 
Cas^tleconier  coalfield,  distiuit  about  ten  miles.  All  the  valle^-s  of  ibe 
Slieve  Bloom  seem  once  to  have  been  completely  filled  with  the  gre«i 
Drift  dei>osit,  rising  with  a  gentle  slope  from  the  plain  up  nearly  lo  the 
heads  of  the  valleys.  The  present  rivers  have  excavated  channcb  for 
themeelve.s  either  through  tliis  Drift,  or  between  it  and  the  solid  rock, 
leaving  the  gently  sloping  siu-face  of  the  Drift  often  most  distinctlT 
marked  along  the  Hanks  of  the  more  abruptly  rising  hills  on  each  sik 
of  the  valleys.! I  ^^  some  cases  the  lower  part  of  the  drift  is  coiupo*i 
of  the  linie!<tone-gravel,  which  is  however  very  clayey,  but  coiitaias 
both  well-rounded  pebbles  and  Bubangular  blocks  of  limestone  in  gi«i 
abundance.  Over  this  come  beds  of  fine  sand  and  gravel,  very  r^ 
larly  stratified,  derived  a])parently  from  the  local  rocks,  with  compo- 
tively  little  limestone.     In  some  places  this  deposit  entirely  conceali 

•  See  Explnnatiim  of  Sheets  128,  137,  and  146  of  GeoL  Sorv.  Irelaud. 

t  Explanatiou  140.  I  Explanation  135.  $  Explanation  ISi. 

II  Thia  apjH'arance  in  general  in  Ireland  in  all  the  monntain  valleys,  ami  may  be  »^ 
very  characteristically  in  Gleuisniaule  and  the  atijacent  valleys  near  Dublin.  The  «M*I* 
hills,  as  they  dt^srrnd  into  the  vallej-s,  are  met  by  gently  sloping  plateaux  of  Drift,  fotas4 
inclined  planes  from  the  heaila  of  the  valleys  towards  their  mouths,  these  inclined  pb** 
Beemln^  ouv-v  to  have  8tretohe<l  continuously  across  the  valleys,  but  being  nov  Aet^ 
trencYveA.  Vvy  \\\o  tv.-\tv«».,  «a.  \.\\fc  \s«\X.c\va  ot  vrhich  the  present  brooks  run.  TlM-y  bivf  -• 
analogy  "wivAi  TuoT%\tv»j»,  ft.\\v\  S3iQ\«D\wa\KV3a.«ei  \>ia  \^^^S^.t^\)^a:)SAVcvBca<ants  of  sea-shrib  »* 
the  moutii  ot  X^v;  va\\e>,'. 
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-^Ihe  limestone  Drift  below,  except  where  the  brooks  cut  deeply  down 

_into  it.     In  other  cases  the  Jower  part  of  the  Drift  is  formed  of  the 
plocaL  rocks,  and  the  limestone  Drift  occurs  over  it     One  long  escarp- 

.;Sient  of  Drift  in  Qlenbarrow,  where  the  river  is  at  a  height  of  about 
800  feet  above  the  sea,  and  three  or  four  miles  from  the  limestone  plain, 

^  shows  cUSb  of  Drift  120  feet  high,  all  regularly  stratified,  the  upper 

fifty  feet  consisting  of  coarse  Drift  with  limestone  boulders,  under- 

'neath  which. are   beds,  about  20  feet  thick,  of  very  fine  laminated 

iand,  and  below  that  coarse  rubbly  Drift  of  sand  and  fragments,  with 

angular  blocks  of  Old  Red  Sandstone  three  feet  in  diameter.     The  rock 

.  below  the  Drift  is  Old  Red  Sandstone,  which  seems  to  have  suffered 

considerable  erosion  and  local  decomposition  before  the  limestone  Drift 

.  was  brought  into  the  valley.     The  escarpment  of  the  Drift  is  a  nearly 

J  vertical  diff,  being  continually  undermined  by  the  river,  which  seems 
to  have  cut  down  along  the  sloping  surface  of  the  solid  rock  forming 
the  opposite  side  of  the  valley  deeper  and  deeper  into  the  Drift,  and 
to  be  now  working  slowly  to  clear  its  old  valley  of  this  recent  deposit. 
I  saw  limestone  blocks  both  in  the  Drift  and  loose  in  the  river-bed, 
up  to  heights  of  1260  feet  in  this  glen  ;  and  Mr.  O'Kelly  assured  me 
that  he  found  small  pieces  of  limestone  and  fragments  of  black  chert, 
auch  as  is  found  only  in  the  limestone,  even  on  the  tops  of  the  hills, 
above  the  level  of  any  other  Drift 

**  The  observed  facts  would  agree  well  with  the  supposition  that  the 
whole  country  had  been  once  covered  with  a  thick  deposit  of  Drift, 
which  rose  on  the  fiauks  of  the  hills  to  a  much  greater  height  than  on 
the  low  ground,  and  to  a  still  greater  height,  perhaps,  in  the  valleys, 
which  would  catch  a  greater  quantity  of  it  As  the  country  rose  above 
the  sea,  much  of  this  loose  superficial  deposit  would  be  removed  from 
the  outside  slopes  of  the  hills,  and  a  good  deal  would  be  carried  away 
from  the  plain,  especially  from  off  the  summits  of  the  lesser  outlying 
eminences  which  rise  from  that  plain.  The  part  of  the  Drift  which 
had  filled  the  bottoms  of  the  valleys  would  be  chiefly  left  in  them,  and 
is  only  now  in  process  of  removal  by  the  brooks  which  began  to  form 
as  the  ground  rose  again  above  the  sea,  and  which  have  ever  since  run 
down  these  valleys. 

"  Sea-shells  are  found  in  the  limestone-gravel  in  Glenismaule,  near 
Dublin,  and  also  in  the  Dargle  valley,  and  in  the  valley  west  of  the 
Sugar  Loaf,  and  south  of  Enniskerry,  County  Wicklow,  up  at  heights 
xaaging  from  500  or  600  up  to  1000  and  1200  feet  They  are  found 
in  greater  abundance  and  much  better  preservation  in  the  sands  and 
marls  which  overlie  (or  form  the  upper  part  of)  the  limestone-gravel 
through  the  lower  parts  of  the  county  of  Wexford.*     They  are  also  to 

*  Bee  Appendix  to  Edward  Forbes's  paper  on  Faana  and  TloTti  ot  'fitVX^Ax  Ai^«a,lAriM. 
Otol.  Stt/v.,  vol  L 


710  8TR/ITI6RAPHICAL  GEOLOGY. 

be  found  in  the  gravels  of  the  more  central  parts  of  Iiebuid,  mi 
Bflllymore  Eustace  in  Kildare,  as  I  am  informed  bj  Mr.  R  GdM 
Like  the  shells  of  the  drift  deposits  in  England,  thej  are  almoitaltf 
existing  species,  generally  with  a  northern  or  Arctic  or  Boreal  baft 
But  in  the  southern  part  of  Wexford,  Colonel  Sir  EL  James  fomo^ 
found  fragments  of  shells  {Nncula  Cdbboldice,  Fruug  contraruUj  TtniA 
tnenutata,  and  a  MUra  allied  to  a  Spanish  species)  which  make  it  pi* 
bable  that  the  limit  of  the  northern  species  ran  thereabouts,  and  drt 
the  Boreal  province  here  touched  on  the  Lusitanian  province  (»ti 
speak)  of  the  Glacial  period. 

^  That  the  superficial  deposits  now  described  were  formed  under  fti 
sea,  notwithstanding  the  absence  of  sea-shells  ^m  the  greater  psitrf 
them,  and  especially  their  upper  part,  I  have  not  the  slightest  doaU- 
a  conclusion  in  accordance  with  those  of  Professor  Ramsay  re^irdiiV 
the  Drift  of  North  Walea."* 

One  of  the  most  remarkable  features  of  the  upper  gravelly  ui 
sandy  Drifts  is  the  way  in  which  these  deposits  are  often  heaped  iob 
mounds  and  ridges,  which  sometimes  run  continuously  for  many  nuki 
over  the  surface  of  the  country.  Such  ridges  are  known  as  Eama  ii 
Scotland,  Eskers  in  Ireland,  and  Osar  in  Sweden.  The.*^  remarbbli 
outlines  are  not  due  to  mere  denudation,  but,  as  shown  by  the  extemil 
structure  of  the  moiindp,  have  usually  been  produced  at  the  same  tine 
as  the  mass  of  the  sand  and  gravel  was  depo8ited.t 

"  There  is  a  good  deal  of  interest  attached  to  the  external  foim  d 
some  of  the  accumulations  of  Drift  in  Ireland.  The  deposit  has  eTi- 
dently  been  in  many  places  modified  and  8haj)ed  externally  by  \ht 
currents  of  the  water,  either  at  the  time  of  its  deposition  or  snbse 
quently.  The  great  bank  of  Drift  near  Killamey,  and  its  reiDOTiI 
round  the  Lower  Lake,  is  one  instance  of  this.  There  are,  however, 
other  conspicuous  instances  in  the  south  of  Ireland  where  the  gexjenl 
form  of  the  adjacent  high  lands  has  evidently  some  connection  witk 
the  present  external  form  of  the  Drift  deposits  in  the  low  lands  aboat 
them.  Huge  mounds  of  Drift  are  often  accumulated  in  a  bight  of  die 
hills,  especially  when  there  is  a  valley  leading  through  the  hills  at  tke 
head  of  the  bight.  This  is  the  case  with  the  Drift  mounds  in  the  Kil- 
mastullagh  valley,  between  the  Arra  mountains  and  the  exten5ian  of 
the  Silvemiines  Hills  towards  O'Brien's  Bridge  ;  with  the  Drift  monn^ 
near  Broadford,  in  the  north-west  bight  of  the  Slieve  Bemagh  range ; 
and  with  the  Drift  mounds  near  Roscrea,  to  the  west  of  the  valley  be- 
tween the  south  end  of  the  Slieve  Bloom  hills,  and  the  north  extensiofl 
of  the  Devil's  Bit  range.     The  great  mounds  of  Drift  near  the  town  of 

\  The  deacT\p\\oti  ot  VYi%  ViV&\k  t^Vvc*  v!\v\Ock.\<:N«f?»^  ^^^a^  ^gctti^t^  >V5  Mr.  Jukes  in  the  W 

Cd\tlOD. 
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ind  those  of  the  Ouiragh  of  Kildare,  have  probably  also  a 
;he  adjacent  high  land. 

moirnds  in  most  cases  probably  received  their  form  during 
xumnlation,  but  sometimes  the  surface  of  the  Drift  seems 
lused  by  subsequent  erosion.  In  one  conspicuous  instance, 
e  miles  north  of  Parsonstown,  which  I  visited  in  November 

Mr.  A.  R  Wynne,  a  widely-spread  expanse  of  deep  hori- 
atified  limestone-gravel  appears  to  have  been  so  far  acted  on 
!nt  denudation  as  to  have  now  an  abruptly  undulating  surface, 
>f  small  mounds,  ridges,  and  valleys,  running  in  various 
ver  a  space  several  miles  in  length,  and  one  or  two  in  breadth, 
e  ridges,  however,  and  the  most  conspicuous  of  them,  formed 
r,  or  narrow  gently  undulating  bank,  some  fifty  feet  above  the 
f  flat  country,  and  some  miles  in  length.  Such  Esken  are 
ous  in  Ireland  over  all  the  low  central  plain.  One  is  to  be 
)r  four  miles  to  the  west  of  Dublin,  running  from  the  banks 
ler,  past  the  old  castle  of  Tymon,  by  the  Green  Hills  towards 
>f  the  Liffey.  Others  are  marked  on  the  Qeological  Survey 
^tradbally,  in  the  Queen's  County,  near  Bagenalstown,  near 
^h,  near  Phillipstown,  and  in  several  other  places.* 
meral  form  of  an  Esker  is  that  of  a  long  bank  with  steep  sides, 
leight  of  from  20  to  70  feet  above  the  neighbouring  ground, 
mes  not  more  than  a  few  yards  wide  on  the  top,  but  at  other 
ds  into  wider  mounds,  and  sometimes  sends  out  spurs,  or 
in  two  or  three  undulating  mounds.  The  broader  parts  of 
ften  have  deep  circular  or  oval  hollows  in  them,  50  or  60 

at  the  top,  and  30  or  40  feet  deep,  without  any  outlet, 
a  spring  insensibly  from  a  slope  at  the  foot  of  a  hill,  and 
1  a  gently  undulating  line  for  several  miles  across  the  flat 
[lie  following  examples  will  illustrate  the  general  character 

Eskers. 

[aryborough  Esker  commences  at  the  foot  of  the  Coal-measure 
le  south  of  Maryborough,  and  runs  off  to  the  northward, 
)r  seven  miles,  to  near  Mount  Mellick.  It  is  then  interrupted 
I  mile  and  a  half,  through  which  the  little  river  Ownass  flows, 
n  again  in  the  same  line  for  another  mile  and  a  half,  beyond 
)alesces  with  some  irregular  gravel-mounds.  It  stretches 
cross  the  mouth  of  the  wide  open  valley  between  the  Coal- 
Is  and  the  Slieve  Bloom  mountains.  It  does  not,  however, 
itter,  but  sweeps  in  a  parallel  line  round  their  north-east 


inations  of  Sheets  100, 101, 102,  111,  128, 144, 147, 164. 155,  etc. 

try  people  aboat  Maryborough  allbrm  that  this  Esker  stretches  all  across 

Wjtme  was  told  that  an  Esker,  near  BonisokaxiC,  a\OT\%^«:!i  \a  \2m  ^^^  ^^ 
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<<  The  Bageulitown  BdDBT  OQOflianMtoiLllM  KoMrto^ 
ficom  that  on  to  the  graiute,  aMendiiig  agBD^ 
tot  hic^ than  the  limeilcaie  plan,  atin  |wi— liii^  Us  fionaof  a 
40  faet  hi|^  until  in  about  tbiae  ndlea  ife  gndnallj  ipnaia  fa* 
gnml-moimda,  andheocmiealoat  in  thegenaal  maaaof  Ifaaddfti 
there  ooven  the  gianite.* 

^The  Esken  are  often  opened  far  gnml-pitayaaiiiaj  be  aan  I 
Onen  Hilla  near  Dnblin^and  the  anangemflut  of  their  *■*•«— g*^«  ii 
enxiona.  Irregolar  beda  of  large  bloda^  or  of  anall  pebUea^  er  o 
Ibeat  nnd,  are  amnged  one  over  the  oUm,  genandlj  wktk  a 
attempt  at  eonfaiming  to  the  eztenial  alopei  of  iJie  ridge^  bat  not  !■ 
ing  for  any  dirtuioe  either  their  IhibkneM  or  inelinataon.  TluBetei 
beds  aeem  to  have  been  formed  bj  the  piling  aetion  of  two  a|f 
eorrentB,  or  to  have  been  heaped  up  in  the  eddj  at  the  nm 
ennenlB  ronning  in  diffnmnt  direetiona.  liaiiy  of  the  Bikm 
peihapa  similar  to  ^haiboQr*baia**t  in  their  mode  of  fatal 
and  may  be  directly  related  in  this  ivay  to  the  Tallejs  nnmiig 
the  neighbouring  hilli,  which  mtut,  of  coarse,  have  farmed  bi( 
harbours  during  some  part  of  the  last  slow  rising  of  the  land  t 
the  sea.  Others,  however,  especially  those  numerooa  onea  i 
ran  in  various  directions  all  over  the  great  central  plain  of  Ire 
can  only  have  been  formed  in  the  open  sea  by  the  action  of  difl 
currents,  as  that  sea  became  shallow  in  oonsequenee  of  the  ekf 
of  its  bed. 

''The  Eskers  of  the  plains  are  often  aasociated  with  the 
either  running  in  lines  between  two  laige  bogs,  or  partial^ 
entirely  surrounding  flat  spaces,  which  appear  to  have  be^  eonv 
into  bogs  in  consequence  of  the  Eskers  having  at  one  time  rela 
and  perhaps  still  retarding  in  some  places,  the  drainage  of  the  eoa 
the  superfluous  water  soaking  thitmgh  the  porous  base  of  the  1 
instead  of  making  a  regular  brook  or  river-channel  for  itself  U 
off  by." 

The  Karnes  of  Scotland  resemble  in  all  essential  peirtieiiliii 
Eskers  of  Ireland.  They  are  chiefly  developed  in  the  broad  v 
between  the  Highlands  and  the  Southern  Uplands,  being  <>ipKMl^ 


the  SUeve  Bloom  mountaliu,  wu  part  of  that  near  Maryboron^  Thtm  stoclM  ■ 
taken  as  evidence  of  the  limflailtj  of  the  Eskers  at  diflteent  pIaoaa»  and  thrfr  fti 
oeeomnee  in  the  centre  of  Ireland.  Some  of  them  seam  "^^hilj  to  ba  U  or  tt 
in  length,  if  we  allow  for  occasional  gi^  or  intermptiona. 

*  Explanation  of  Sheets  147  and  167. 

t  An  excellent  example  of  an  old  harboor-bar  may  ba  seen  at  the  Sem  Ckmcl 
Connty  Wicklow.  All  the  rains  are  on  a  bank  of  Drift  stretching  acroaa  the  mski 
and  formed  partly  of  the  detritus  fh>m  that  valley,  bat  chiefly,  perhapa,  fhn  the 
itaepci  tsid  naxroww  'vi3\«3>^^ik!cikkTDnaft.«l  <3n^time  have  empttod  ita  draiBi^  taitoti 
hnrbcTOT,  \qmX  aXwiat  \)>iA  '^VaX,  vaAXytcn^goN.  ^-wu^daA^iAaMna^tft.  *«Meh  tha  t***'  M 
formed  tba\iax. 


m 

atonal  IcBB  cf  de  Dktft  iiyi win.  ««•  (kwum  <3«n^  tk»  tw 

dentioo  to  m  widtfr-cpwi  pbok  —  irtwm  ttk»  «1mi  ^.m1m4« 
n  now  u,  wliidi  jiatfi  ccMMcni  ikt  Sriuk  l*!**^  wiiK  iV 
OMnt ;  and  tiitt  tke  Em^A  Oamm^  «»1  iW  bwfc  »>(  ^>mV 
,  hare  ben  ftxmed  br  tfa«  (nan  kimb  <af  tb#  AtlMttio  Mlit^ 
the  lower  and  mAo'  panto  of  tkat  pUin.  (te  Ait  |i1m»,  «irin)i  l'> 
imgnlar  focms  in  wfai^  the  Drift  wa*  Mt,  Many  Mm  wwv 

ed,  which  hare  bctn  filled  np  with  laoutriM  dvpoNta,  owtaiiUMit 
bcmes  of  such  animala  aa  the  gnat  Iriah  ikw  (tVnu  m^mmtm^ 
otbem 

I.  bratia  Bloeka. — fieferaiGe  has  be«i  made  to  thu  lu^  MiMk* 
oek  found  in  aome  of  the  booldei^ch^  and  in  th(i  owrljrlntt 
dly  Drift  There  oeenx,  however,  in  many  paila  of  th«  llrilUI) 
da,  iBige  tmvelled  atones  (Enatio  blocks,  En«ltM),  lyiiiK  im  tliu 

ee,  and  not  distinctlj  connected  with  anj*  (tntvcd  or  uthi>r  tlii))i«tl. 
'  sometimea  leet  on  lock,  sometimes  on  bouldoTH^ny,  atiil  Miiiivtiiiim 
r  in  the  upper  sand  and  gravel  Driit  Thny  ]>n)liiit>ly  Wlmm  to 
•me  great  period  of  submergence  to  which  Uii  kttur  |Mrt  iif  llin 
■■  aeries  is  to  be  oxogaed,  their  tronapoit  haviiiK  Imin  ulTnahHl  mt 

of  floating  ice,  hj  which  they  wen  boms  over  tlin  wibiiinruMl 
and  vallefe,  sometimea  to  great  diatuiooa  ftuiii  t)i«  uiaJniil  nliiiriM 
ice  they  were  carried. 

U  the  main  masa  of  high  ground  in  our  iaUnda  Um  Ut  lliu  imrlli, 
nevaUing  direction  of  transport  of  the  lilock*  hu*  Ihhim  wiuttiwarii 
each  isohited  area  of  elevated  land  formed  at  ttin  Miiin  tliitu  a 
c  of  diepernon  from  which  the  atone*  were  carriwl  niitwnnU  In  all 
tiona,  tiutogh  more  eapeoally  towards  ttie  suulh.  Tlw  JliKliUwl* 
Southern  Uplands  of  Scotland,  the  muanUina  uf  tJia  l^lui  amutry, 
Iboee  of  Wales,  existed  in  this  way  as  sejioratfl  KMittv;  (rnW  wUkit 
haiacteriatie  rocks  of  each  dwlrict  wisrti  d'unf.m-'l.  Itiun  I'l/^iks  i4 
racke,  granite,  and  porphfrit«,  have  txaia  •■jUTvai  ffitti  IIm  iMllmtu 

of  Scotland  far  orer  the  umtth  uf  RmkImvI,  "iHimn,  nuuMf 
ifiable  with  rocks  existim;  in  mat  iti  CuwIfrriMfJ  imA  WiaMtt/nr- 

may  he  ttmaui  in  Ktnnm/nu  iJuiiulaiirA  liinnti^i  fjMi'«*M*<r, 
hire,  and  Stm^iaiK,  ffnAmdXy  'lyiuif  away  hi  V'/tttMi^ntiuK  mA 
ttaXeniait-  TVy  tiuy  L«  tumA  hiuiM  iu  llw  in<iiA**.*i»f,  «■ 
I  that  kH/mAk,  vA  alii"  Wmc,  tadtienA  'ifei  *^  •/khMj,  •/»  Uw 
ops  <v  IB  ihtc  TtJlt;*,  aarf  w^fM/iimi  hJi^  vy  Uw  l&MUJu  -4  U^ 
»n"iaji.r»».cw:  >«  w^Bnr.>i<  ii«s»  ^  m   tfiMM^"-  m  -i^r.*^. 
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Welsh  monntainB  on  the  one  band,  and  on  the  flanks  of  the  Psmi 
chain  which  runs  from  Derbyshire  into  Scotland,  on  the  othef.  Wi 
dale  Crag,  near  Shap,  ia  formed  of  a  very  peeoliar  poipbyiitie  gmi 
with  large  crystals  of  red  felspar ;  and  blocks  of  this,  together  wj 
many  other  kinds  of  rock,  have  been  carried  acroaa  the  doe^  irak 
Eden  to  the  flanks  of  the  Pennine  chain,  and  even  acroaa  it,  eapeoi 
over  the  pass  of  Stanemoor,  which  is  1440  feet  above  the  aea,  but 
right  opposite  Wasdale  Crag.  Thence  they  have  been  distribnted  oi 
the  lower  parts  of  Durham,  and  down  the  Vale  of  York,  to  the  e 
coast  of  England.*  Phillips  mentions  also  a  cuiiona  oongjonicii 
called  '  brockran,*  lying  in  the  New  Red  or  Permian  rocks,  in  I 
bottom  of  the  vale  of  Eden,  blocks  of  which  have  alao  been  lifted 
and  carried  over  Stanemoor.**  t 

"  Although  the  prevailing  direction  of  transport  has  been  southei 
examples  occur  botli  in  the  north  and  centre  of  England,  of  Eml 
which  have  travelled  in  an  opposite  direction.  Blocks  of  Combedi 
rocks  have  been  carried  across  the  Solway  intot  Scotland,  aocoidhig 
Professor  Sedgwick,  and  blocks  of  the  Chamwood  Forest  rocki 
Leicestershire  may  be  seen  a  few  miles  to  the  north  of  the  for 
although  they  are  not  so  lai>^,  so  numerous,  or  so  far  travelled,  as  th 
which  may  be  found  to  the  south  of  it 

"  Many  excellent  illustrations  of  the  transport  of  erratic  blocks 
furnished  by  the  isolated  group  of  mountains  whicb  rise  upon  or  bor 
the  great  plains  of  Ireland.  Thus,  the  elevated  tract  of  the  Leiiu 
granite  sends  off  boulders  in  all  directions  except  the  north,  1 
chiefly  towards  the  south-east.  In  the  Luggala  Glen,  mnning  pai 
between  the  granite  and  the  adjacent  rocks,  great  blocks  of  gnu 
are  perched  by  hundreds  on  the  rugged  cliffs  of  mica-achist  on  I 
east  side  of  the  glen,  or  that  facing  the  granite,  and  are  strewed  o^ 
all  the  country,  whether  on  the  hill-tops  or  in  the  valleys,  betw 
the  granite  and  the  sea.  The  largest  of  these  blocks  which  I  e^ 
measured  was  an  angular  block,  lying  in  a  field  a  little  below  Axu 
golan  Bridge,  on  the  north  side  of  the  Yartry  river,  in  the  townland 
Boleynass  Upper.  It  measured  27  feet  in  length,  about  15  in  widi 
and  rose  1 1  feet  out  of  the  ground.  Ite  circumference  was  82  H 
It  rested  on  the  Cambrian  slates  and  grits,  at  a  distance  of  about  i 
miles  from  the  nearest  granite  in  situ,  and  on  groimd  having  a  he^s 
of  620  feet  above  the  sea.  Between  this  block  and  the  granite  hilh 
the  deep  and  nigged  ravine  of  the  Anamoe  river,  the  high  ridge  wB 
runs  down  from  Douce  Mountain  on  the  east  of  that  ravine,  and  i 
wide  flat  of  the  Vartry  Valley  below  Roundwood.  Many  other  cuboid 
and  an^lai  blocks,  measuring  fifteen  or  twenty  feet  in  the  side,  nu 
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i  found  on  neighbouring  hills,  and  the  valleys  are  full  of  Bmaller 
anded  boulders.  Blocks  of  granite,  with  a  diameter  of  three  or  four 
ety  rest  on  the  Cambrian  rocks  at  the  top  of  Bray  Head,  at  a  distance 

five  miles  from  the  nearest  granite  in  lUu,  and  separated  from  it  by 
veral  deep  valleys  (see  Fig.  95). 

**  The  granite  which  occupies,  according  to  Sir  B.  Griffith's  map,  so 
rge  a  portion  of  ground  on  the  north  side  of  Qalway  Bay,  is  easily 
cognisable,  inasmuch  as  it  contains  hornblende  instead  of  mica,  and 
bS  large  crystals  of  pinkish  felspar,  and  is  therefore  porphyritic 
.ocka  of  it  may  be  found  scattered  over  all  the  country  to  the  south  of 
e  Bay,  through  Clare  and  Limerick,  and  the  adjacent  counties,  as  far 
ath  as  Mallow,  in  the  County  Cork,  a  distance  of  about  a  hundred 
Lies  in  a  straight  line.  Many  blocks,  of  two  or  three  feet  in  diameter, 
Gty  be  found  in  the  country  about  Nenagh,  and  on  both  flanks  of  the 
ieve  Bloom  hills,  up  to  heights  of  1000  feet  above  the  sea.  Mr. 
Kelly  met  with  one  at  a  height  of  more  than  1000  feet,  about  six 
iles  K.W.  of  Mountrath,  from  which  a  large  piece  had  been  split  by 
3dges,  probably  to  make  gate-posts,  the  part  which  remained  measur- 
g  10ft.x5ft.  x3ft.  The  Galway  granite  boulders,  indeed,  are 
Lznerous  as  far  as  the  northern  slopes  of  the  Qaltee  mountains,  but 
•  not  seem  to  have  gone  beyond  the  high  grounds  which  stretch 
ym  those  hills  towards  the  west,  nor,  so  far  as  I  am  aware,  are  they 
and  in  the  neighbourhood  of  Killamey.* 

**  Mr.  CKelly  remarked  to  me  that  tliese  granite  boulders  were 
iefly  on  the  surface,  and  not  buried  in  the  Drift " — an  observation 
lich  applies  equally  well  to  the  large  travelled  stones  of  Scotland. 

^  The  Limestone  gravel  of  the  centre  of  Lreland  seems  to  have 
en  arrested  by  the  east  and  west  ranges  of  mountains  and  high  land 
[lich  stretch  across  the  south  of  Ireland  from  Waterford  to  the  coast 

Kerry,  as  the  Drift  in  the  southern  valleys  among  these  high  lands, 
id  in  the  lower  lands  to  the  south  of  them,  seems  to  be  chiefly  of 
sal  origin,  though  great  mounds  and  local  accumulations  of  it  are  to 
!  found  in  some  places.'' 

O.  Stratified  Clays  with  Arctic  Shells— (the  Clyde  beds). — ^In  the 
tuaries  of  the  Clyde  and  Forth  the  boulder^lay  is  overlain  with  cer- 
in  stratified  clays  and  sands,  which  are  confined  to  the  coast  and  the 
imediately  adjacent  inland.  It  is  difficult  to  decide  what  is  the  exact 
ace  of  these  deposits  in  relation  to  the  Sands  and  Gravels  already 
iscribed.  The  evidence  at  present  obtained  makes  it  probable  that 
ey  are  younger  than  the  last-named  parts  of  the  Drift  series.  They 
liefly  consist  of  fine  clays,  sometimes  laminated,  sometimes  showing 
ily  faint  traces  of  stratification,  and  sometimes  containing  water-worn 

*  See  the  heading  "  Drift,"  in  the  ExpUuuitioni  of  the  SheeU  ot  \:bA  0«o\»^c»2l  %qxhv| 
ftp  ot  Ireland, 
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and  ice-8triated  Btones  and  bouldeis,  either  in  single  examples  or  »:it 

tered  groups  and  bands.     In  these  respects  thej  closely  resemble  tk 

stratified  clays  which  occur  in  the  boulder-clay,  so  closely  indeed  iM 

they  might  be  suppof^ed  to  be  in  reality  a  part  of  that  foimatioiiy  loi 

they  not  found  restin^r  on  a  rough  denuded   surface  of  boulder-dP 

They  are  intereflting  as  containing  an  abundant  marine  fauna,  foramid 

fera,  cm^ttacea,  mollusca,  etc,  with  occasionaUy  the  bones  of  an  arcfi 

Bi>ccic8  of  seal.     The  general  character  of  the  fossils  indicates  a  mw 

severe  climate  than  that  now  prevailing  in  our  seas.     Several  of  A 

shells,  such  as  Pecien  Ishjidicus,  TtUina  proxima,  and  Leda  trwui^ 

are  arctic  specie:^,  and  though  the  great  majority  of  the  fossils  bel<ng  \ 

8])ecies  still  found  living  around  the  British  Islands,  the  characteiiiti 

ally  northern  forms  occur  proportionally  more  abundantly  in  tM 

glacial  deposits  than  they  do  in  our  present  seas,  while  they  often  shci 

in  the  fossil  state  a  much  larger  size  and  greater  thickness  of  sheU  thi 

their  living  British  descendants  do.*     These  facts,  taken  in  conneetio 

with  the  fossil  evidence  furnished  by  the  Crag  already  referred  ti 

afford  an  interesting  and  instmctive  example  of  change  at  once  in  tfc 

forms  of  life  and  the  climate  of  the  British  region.     They  show  how  tl 

gradual  refrigeration  of  the  climate  during  the  de^wsition  of  the  f>s 

reached  it^  niaxinmm  a  little  later,  during  the  formation  of  the  Nortbe: 

Drift  or  Glacial  deposits. 

Edward  Forbes  showed  that  species  of  mollu5?ca  which  inhabite-i  tl 

Biitish  seas  during  the  early  part  of  the  Pliocene  Period,  retreated  to  t 

Bouth  before  tlie  cold  climate  which  afterwartls  spread  gradually  ftnJ 

the  north,  and  that  thev  then  became  inhabitints  of  the  MediterraiHd 

and  adjacent  jxirts  of  the  Atlantic     These  shells  are  found  fossil  in  tj 

newer  rii(«?cne  deposits  of  those  regions,  but  many  of  them  are  no:  uoi 

found  living  there,  having  returned  to  our  seas,  as  the  cold  influeHi"* 

retreiited  nioro  and  more  to  the  north,  and  the  severity  of  the  clim*^ 

became  modified.     Some  of  these  species,  however,  still  linger  in  certii] 

localities  in  the  south,  a  remarkable  instance  being  the  discover)'  by  M: 

MacAndrew  of  the  common  Red  Crag  shell,  FiC$us  contrariu^,  still  livifl 

in  Vigo  Bay,  a  deep  fjonl  on  the  coast  of  Spain,  together  with  a  c-oa 

]>lete  colony  of  other  Celtic  species  unthin  the  Lusitanian  provinit' 

Forbes's  Celtic  province  seems  to  have  come  into  existence  between  tb 

Boreal  and  Lusitanian  provinces,  as  a  consequence  of  these  change?  ^ 

climate,  an  opening  having  been  made  between  the  two  which  has  be^' 

subsequently  occupied  by  that  peculiar  assemblage  of  species  to  whitJ 

he  gave  the  name  of  Celtic 

*  For  information  regarding  the  Clyde  bedJi,  see  the  collected  papertiof  Mr.  Saniti' 
JoTdauUUl.  on  ••  Toat-riiocenfi  Geology,"  Gla8gi>w,  ISai ;  the  paper  by  the  Klimr  on  * 
"ScoUwYi  "DxVtl*'  TvVtwtii'j  c\UQl,  Mxti  volv«w  by  Mr.  Crosskey  and  others,  in  isulifitiif- 
Vo\uT[\08  ot  IVvo  TmnwClvous  oj  Q\t  GtvJLoqvcoX  SocVrt^  tv^  VWoAdj^nQ. 
\  EdwatOL  Yor\>ca  oil  K<U.  H.\«l.  Eurcrpea'a  S«oia»\j.  \vjft. 
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6.  Hitflier  Baised  BeaoliM. — ^Dxuing  the  le-elevadon  of  the  land 
were  pauses  when  the  upward  moyement  either  ceased  altogether 
e  so  slow  that  the  sea  had  time  to  fonn  beaches  and  cat 
along  the  coast-line.  Such  beaches  and  terraces  would  thus 
to  mark  successive  sea-maigins,  becoming  necessarily  fednter  and 
obliterated  in  proportion  to  their  height,  and  consequently  to* 
antiquity.  These  up-ndsed  beaches  consist  of  accumulations  of 
and  gravel,  forming  more  or  less  continuous  level  shelves  or 
along  the  slopes  of  hills.  Sometimes,  instead  of  depositing 
materials,  the  sea,  aided  probably  by  driift-ice,  has  cut  a  notch 
out  of  the  Drift,  or  even  out  of  solid  rock.  Such  lines 
dent  sea-margin  are  found  at  various  intervals  up  to  a  height 
ISOO  feet  or  more  above  the  sea.  Those  at  the  highest  levels 
of  course  the  most  ancient,  and  each  of  the  succeeding  lower 
marks  a  stage  in  the  gradual  re-elevation  of  the  country. 
Waj  probably  all  belong  to  the  glacial  period,  except  those  at  a  lower 
1^  than  about  forty  feet  above  the  sea.  The  latter  date  from  times 
^  after  the  final  disappearance  of  glaciers  in  Britain.^ 

7«  Traces  of  Valley-Glaciers. — After  the  re-elevation  of  the 
Mqitry  the  climate  still  continued  severe  enough  to  retain  much  snow 
d.  ice  in  the  more  hilly  tracts.  Each  group  of  mountains  thus  gave 
1%  to  glaciers,  which  descended  in  some  cases  even  to  the  sea-level 
bm  that  level  was  about  forty  feet  higher  relatively  to  the  land  than 
lis  now.  In  North  Wales,  the  Lake  District,  the  Southern  Uplands, 
loi  the  Highlands  of  Scotland,  there  were  numerous  glaciers  which  de- 
Unded  along  the  main  valleys  in  all  directions  from  each  mass  of  high 
tjQund.  So  great  indeed  was  the  cold,  that  even  small  islands,  where 
m  snow-fields  never  could  have  been  other  than  of  very  limited  extent, 
mriflhed  their  independent  glaciers.  Beautiful  illustrations  are  fur- 
died  by  the  islands  of  Arran,  Mull,  and  Skye.  The  evidence  for  the 
ifltence  of  these  valley-glaciers  may  be  described  under  four  aspects : — 

1.  Ice-warn  Rocks, — ^The  sides  and  bottoms  of  the  valleys  which  have 
en  occupied  by  the  glaciers  are  well  smoothed  and  striated,  abounding 

roches  m&iUonnSes,  and  the  usual  characteristic  forms  of  ice-sculpture. 
leee  markings  would  not  of  course  of  themselves  be  enough  to  estab- 
ih  the  fact  of  the  former  existence  of  vaUey-glaciers,  as  distinct  from 
e  great  original  ice-sheet ;  but  their  freshness  and  abundance,  and  often 
eir  comparative  freedom  from  superficial  detritus,  when  taken  in  con- 
action  with  the  following  evidence,  indicate  that  the  markings  were  left 
r  valley-glaciers. 

2.  llie  boulder-clays,  sands,  gravels^  or  other  Drift  of  the  earlier 
jrts  of  the  Glacier  Period  have  been  wholly  or  partially  scoured  out 

*  See  R  Chambers's  Ancient  Sea-MargUu,  1848,  and  Tracingi  qf  iht  North  cf  Europe, 
50 ;  JamiesoD,  QtuirL  Joum.  Geol.  Soc,  vol.  zxi 
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of  the  yalleys,  where  these  lut  g^juoien  existed.*  Hus  is  well  sen  il 
the  Baas  of  Llanberis  and  other  yalleys  in  North  Wales,  where  tk 
glaciers  have  ground  and  polished  the  sides  and  bottom  of  the  ^o^ 
ploughing  out  the  marine  Drift  which  most  once  have  filled  tkai 
hollows,  and  which  still  rises  on  the  mountain  slopeB  of  that  region  to  i 
height  of  more  then  2000  feet  over  the  sea. 

3.  Perched  Blocks. — On  the  ice-wom  knobs  and  hummodu  of  rod 
in  the  valleys  which  have  been  traversed  by  the  later  glaciers,  Ui? 
fragments  of  rock  have  been  left  These  are  precisely  analogous  to  tk 
Mocf  perchU  or  perched  blocks  of  the  Swiss  valleys.  They  belong  ti 
rocks  which  are  found  in  places  higher  up  in  the  hills,  and  they  h&n 
been  carried  down  on  the  surfisce  of  the  glaciers,  and  stranded  in  tkir 
present  sites,  as  the  ice  which  carried  them  melted  away.  It  is  ckv 
that  such  poised  stones  could  not  have  remained  in  their  precsnoni 
position  during  the  submergence  and  re-elevation  of  the  laud,  but  molt 
have  been  laid  down  where  we  now  find  them,  by  glaciers  which  ezistid 
after  the  land  had  re-emerged. 

4.  Moraines. — But  the  most  abundant,  and  perhaps  convindi^ 
proof  of  the  existence  of  these  later  glaciers  is  furnished  by  the  wms^ 
ous  and  well-preserved  moraines  which  they  have  left  behind  Uma 
Huge  mounds  of  rubbish  are  found  running  in  rudely  curving  horse- 
8hoe-8hai>ed  lines  across  the  valleys.  Blocks  of  rock  of  all  sizes,  up  to 
masses  as  large  as  a  cottage,  are  strewn  over  the  summits  and  sidci  >>f 
these  rid«,'es  and  huniniocks.  Between  the  mounds  little  hollows  oftd 
enclose  ponds  or  tarns,  while  sometimes  the  mass  of  moraine-stuff  thn'»t 
across  a  valley  has  been  enough  to  dam  back  the  drainage  and  give  rL^ 
to  a  lake.t 

With  the  evidence  furnished  by  the  relics  of  the  volloy-glarlds 
the  records  of  the  Glacial  Period  in  Britain  close.  From  the  vj» 
when  the  land  began  to  appear  again  from  under  the  sea,  the  climite. 
though  subject  perhaps  to  alternations,  was  on  the  whole  beci)iniK 
milder.  The  amelioration  advanced  until  the  last  snow-field  "J^^ 
glacier  finally  disappeared.  This  change  of  temperature  told  iic* 
portantly  upon  the  faima  and  flora  of  our  area.  The  characteristicuUj' 
arctic  forms — the  woolly  elephant  and  woolly  rhinoceros,  the  niusk- 
sheep  and  the  reindeer — either  died  out  altogether  or  retreated  to  mew 
northern  latitudes,  where  they  could  still  enjoy  their  congenial  climate. 
The  Alpine  plants  which  had  covered  the  country  were  driven  avij 
from  the  lower  grounds  with  the  gradual  increase  of  temperature,  whick 
while  proving  unfavourable  to  them,  permitted  the  flora  of  more  southcm 
districts  to  extend  farther  north.    The  plants  of  our  mountain  sides  v^ 

*  See  'RamaK;;,  \Ti'\\\%  -wot^a  t^xoaA-^  ciWL 

\  For  an  accouut  ot  \.\\«  \ateT  ^^\«.t«  iA^tVXx\T^«Kft'<^»k^^-'^s2^^^4&tAd.  in  footnote  oo  ^  ^'^ 
Also  J.  1).  ¥oT\ieft,  Edltw.  New  PXtt,  JwiTt^,-i\.'l^\'»..<2ttM»>aK»^,wt.  ^^ou^^-ssr^^^MM.^il U**- 
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thus  the  descendants,  and  slowly  diminishing  repreaentatives,  of 
bem  vegetation  which  formerly  spread  over  the  low^  grounds  uf 

CharaeierisHc  Fossils  of  the  Oktcial^Deposits, 

.     .     ,     Desmidue,  several  8i)ecie8. 

Diatomacese,  31  species  found  in  a  firesh-water  deposit  in  the 

houlder-clay  at  Crofthead,  Renfrewshire. 
Mosses,  as  Uypnnm  tamariscum. 
Ranonculas  aqnatilis,  Galium  palustre,  Pedicularis  palustrui, 

Scirpus  lacustris,  Potamogeton  lucens. 
Twigs,  leaves,  etc.,  of  hirch,  oak,  hazel,  Scotch  fir,  etc     The 
above  fossils  indicate  terrestrial  and  fresh-water  conditions, 
and  they  are  found  in  the  stratified  beds  in  the  lower  till. 
In  the  marine  glacial  deposits  Nullipora  polymorpha  ocours. 
zoa  .     .     Clionia  celata. 
/eraf  .     Qoinqueloculina  seminulum. 
Lagena  levis. 

Polystomella  striato-punctata. 
Globigerina  bulloides. 
Cornuspira  foliacea. 
.     .     .     Lepralia  PeachiL 
Crisia  ebomea. 
Hippothoa  cateDulana. 
rmata  .     Echinus  Drobachiensis. 

Haploaster  gracilis. 
lia  .     .     Balanus  porcatus. 

balanoides. 

crenatus. 

*a    .     .     Saxicava  rugosa. 

Arctica. 

Mya  truncata. 
Panopsea  Norvegica. 
Thracia  myopsis. 
Tellina  calcarea  (prozima). 
Cyprina  Islandica. 
Astarte  sulcata. 


compressa. 

borealis. 

Cardium  fasciatum. 
Mytilus  edulis. 
Nucula  nucleus. 
Leda  pygmea. 

pernula. 

Pecten  Islandicus. 
tda .     .     Littorina  littorea. 

rudis. 

Rissoa  parva. 
Bucciuum  Grcenlandicura. 
Natica  affinis. 
Trophon  clathratus. 
Fusus  antiquus. 


on  this  subject  the  classic  essay  of  Edward  Forbes,  Jfem.  Gtol.  Survty,  vol  i.  j 

ee  papers  in  Trana.  Gtol.  Soc.  Olasgow,  by  Messrs.  CiosakftY  ssi^'BaXmsi^aou.  4 
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VotBlmB  of  Mftnl  tpMdMd 
MammaKa   .    .    Geiriu  tanBdw  (rafaiilMr). 

aloM(T). 

Megaoerot  Hibenleiii. 
Bos  primigeniiii. 
Elephas  primigonfan. 
Bhfiiocttpot  tiribn? himii. 


The  GUdal  Period  appeen  to  have  left  over  the  north  of  Europe  and . 
traceft  of  ita  paaaage  similar  to  those  of  our  own  area  almidy  described. 

Xorthem  Murop$. — ^The  description  of  the  ^aetal  phenomena  of  the 
Islands  will  genenlly  serve  also  tot  those  of  Northern  Suxope.  The  n 
Scandinavia  and  Finland  shows  eveiywhere  the  flowing  ontlines  i 
systematic  striation  so  characteristic  of  ioe-aetion.  The  present  gli 
Norway  are  bat  the  shrunk  remnants  of  the  vast  ice-aheets  which  once 
the  country,  and  extended  southwards  over  what  is  now  the  Baltic.  Tk 
of  Germany  are  strewed  with  fhigments  of  the  rocks  of  Scandinavia, 
them  as  big  as  cottsges.  These  have  been  carried  by  ice  either  on  the 
<[  of  what  must  have  been  then  a  continental  glacier,  or  mi  bergs  whic 

.  off  trom  the  seaward  ends  of  that  ice-sheet     TUs  Northern  Drift  is  lis 

a  singularly  tortuous  line,  which  runs  ftt>m  the  Tcbeskaian  Gulf  (ess 
i  White  Sea),  south  towards  the  Ural  mountains,  but  is  then  deflected  I 

undulates  boldly  through  the  centre  of  Russia,  to  the  foot  of  the  Ca 
mountains,  marking  probably  the  limit  of  the  Northern  Sea  during  ^ 
when  the  blocks  were  being  transported.      Its  farthest  x^oi^^t  south 
Cracow,   latitude   50®,  and  it  runs  thence  along    the   northern   foot 
highlands  of  Bohemia  and  Saxony,  and  the  Hartz  mountains,  to  the  ] 
Holland  about  the  Zuyder  Zee,  and  thence  across  the  south  of  England 
valley  of  the  Thames,  to  the  mouth  of  the  Severn,  in  the  Bristol  Channel 
The  Alps  and  Switzerland. — In  the  centre   of    Europe   the  roou 
Switzeriand  and  the  Tyrol  have  preserved  some  xx^rtions  of  the  fresh  si 
of  the  Glacial  Period  ;  for,  large  as  the  existing  glaciers  are,  they  must  o 
been  vastly  more  extensive,  both  in  thickness  and  in  length.     This  is  pi 
the  ice-marks  on  the  rocks  traceable  to  heights  far  above  the  present 
the  ice ;   also  by  the  abundant  and  sometimes  enormous  blocks  of  roc 
stranded  on  the  Jura  mountains,  and  which  have  been  borne  from  the 
parts  of  the  central  Alps,  each  valley  canning  blocks  from  the  rocks 
source.     These  blocks  are  now  recognised  to  have  been   trans;>orted, 
icebergs,  but  by  the  ancient  glaciers,  which  extended  across  the  miii< 
district  of  Switzerland,  over  the  soft  accumulations  of  the  Molasse,  and 
on  the  slopes  of  the  Jura. 

India. — From  Dr.  Hooker's  Himalayan  Journals,  it  appears  that  the' 
of  the  Himalayan  mountains  were  in  like  manner  much  more  extensive  i 
than  they  are  now. 

jyorih  America. — ^The  glaciation  of  the  northern  portion  of  the  A 
continent  bears  testimony,  like  that  of  Europe,  to  the  southvrard  movenie 
vast  mass  of  polar  ice.  The  surface  of  the  land  has  been  smoothed  and'i 
and  boulder-clays  and  other  glacial  deposits  have  been  formed,  down  at  leaf 
as  latitude  39".  t 

*  See  Murchiaon'a  Russia  and  the  Ural  Mountains. 

\  Tot  VnionatkUoTL  ou  \^«  v^^:^*!  v^enomena  of  North  America  see  Logan's  G 
Canada;  Bacm**-?.  Q^arl,  JourK.  Q«A,  Sot.,  t:^.  ^.  *»f^%  ^N^bv^  op.  dt.  ril 
Hector,  op.  cU.  xvSi, ;  ^9Jn^  AttttrtV*  MondkO.^  ;  \>«xa£^  l&^<<MAk,^,\SS*w 
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Cause  op  the  Cold  op  the  Glacial  Period. 

From  the  facts  now  adduced  the  student  will  be  able  to  realise  the 
atare  of  the  evidence  from  which  it  is  known  that  a  cold  or  glacial 
Liiaate  prevailed  over  the  northern  hemisphere  at  a  comparatively 
scent  geological  period.  It  has  been  reserved  for  this  part  of  the 
Eanual  to  offer  a  brief  explanation  of  the  physical  cause  which  seems 
lost  probably  to  have  produced  that  severity  of  temperature. 

Various  theories  have  been  advanced  to  account  for  the  remarkable 
limate  of  the  Glacial  Period.  Some  of  these  endeavour  to  explain 
10  phenomenon  by  reference  to  terrestrial  changes,  such  as  the  distri- 
ntion  of  land  and  sea,  it  being  assumed  that  elevation  of  land  about 
le  poles  i^ould  cool  the  temperature  of  the  globe,  while  elevation  o[ 
md  round  the  equator  would  tend  to  raise  it.  The  universality  of  the 
lange  of  temperature,  however,  the  absence  of  all  proof  of  any  such 
lormous  vicissitudes  in  physical  geography  as  such  theories  demand, 
id.  the  growing  evidence  in  favour  of  the  existence  of  still  older 
iftcial  periods  in  earlier  geological  time,  go  to  make  it  evident  that 
»  each  local  changes  produced  the  cold  climate,  but  that  the  origin 
r  ibat  climate  must  be  assigned  to  some  far  more  general  and  perhaps 
(pcdarly  recurring  cause.* 

An  impression,  therefore,  has  long  prevailed  that  the  cold  of  the 
ladal  Period  was  not  due  to  mere  terrestrial  changes,  but  was  in  some 
ay  or  other  the  result  of  cosmical  causes.  Setting  aside  the  untenable 
iggestion  that  cold  or  hot  climates  could  be  produced  by  the  passage  of 
10  earth  through  cool  or  warm  regions  of  space,  the  agency  which  most 
ladily  suggests  itself  is  change  in  the  eccentricity  of  the  earth's  orbit. 
mt  the  direct  effect  of  a  high  state  of  eccentricity,  as  shown  long  ago 
f  Sir  John  Herschel,t  is  to  produce  an  excessively  cold  winter  fol- 
yired  by  an  excessively  hot  summer  on  the  hemisphere  whose 
linter  occurs  in  aphelion,  and  an  equable  condition  of  climate 
ii  the  opposite  hemisphere.  It  is  therefore  obvious  that  neither 
|t  these  conditions  will  account  for  the  cold  of  the  glacial  period. 
1,  whatever  may  be  the  deficiency  of  heat  resulting  from  the 

t's  greater  distance  during,  say,  the  winter  in  aphelion,  this  is  exactly 
anpensated  by  the  greater  length  of  the  season,  so  that  both  hemi- 
gsheres  receive  exactly  equal  amounts  of  heat.  Sir  John  Herschel  even 
Maintains  that  this  principle  almost  neutralises  the  direct  effects  of 
wsentridty.  "  Were  it  not,"  he  says,  •*  for  the  compensation  we  have 
■^  described,  the  effect  would  be  to  exaggerate  the  difference  of 
B'KUner  and  winter  in  the  southern  hemisphere,  and  to  moderate  it  in 
^«  northern  ;  thus  producing  a  more  violent  alternation  of  climate  in 
^  one  hemisphere,  and  an  approach  to  perpetual  spring  in  l\i<b  Q>2(iffiL, 

Lj7eU'# PrineipUtqfG^ology,         f  rnmt.  (ML  Soc, voL  UL  V-  ^!M  V^aMOcA^be^M^ 

3  A 


722  stbahorafhigal  GBOixxnr. 

As  it  IB,  how«yer,  no  tuch  inequality  aabastB,  but  «n  equal 
ptTtial  distaibation  of  beat  and  ligbt  ia  aeooxded  to  both.*** 
cypinion  was  afterwaicU  espnMed  by  Aiago,t  HnmboIdt^X  ai 
Hence  it  became  a  settled  point  among  geologiata  that  no  su 
of  climate  as  that  wbich  oceaned  during  the  glacial  period  ooi 
xenilt  of  change  of  eccentricity. 

Abont  eight  yean  ago  Mr.  Jamea  GroU  b^gan  to  invest 
aabjecty  and  he  has  since  developed  his  Yiewa,  which  have  bee 
gaining  acceptance.  It  occoned  to  him  that  although  a  big 
eccentricity  could  not  directly  produce  a  glacial  condition  of 
might  neyerthdesB  do  so  indirectly^  by  bringing  into  operatiox 
agencies  which  would  lead  to  such  a  result  The  following 
statement  of  the  way  in  which  he  sappoaes  change  of  eccei 
have  operated-! 

[''With  its  eccentricity  at  the  superior  limit,  and  tl 
occurring  in  the  aphelion,  the  earth  would  be  8,641,876  mil 
from  the  sun  during  that  season  than  at  present.  The  rednct 
amount  of  heat  received  from  the  sun,  owing  to  his  increased 
would,  to  a  great  extent,  lower  the  winter  temperature.  In  : 
regions  the  greater  portion  of  the  moisture  of  the  air  is  at  pT> 
cipitated  in  the  form  of  rain,  and  the  very  small  portion  whi( 
snow  disappears  in  the  course  of  a  few  weeks  at  most.  Bi 
circumstances  under  consideration,  the  mean  winter  temperati 
be  lowered  so  much  below  the  freezing-point  that  what  nc 
rain  during  that  season  would  then  fall  as  snow.  But  this  ii 
the  winters  would  then  not  only  be  colder  than  now,  but  tfa 
also  be  much  longer.  At  present  the  winters  are  nearly  ei 
shorter  than  the  summers ;  but  with  the  eccentricity  at  iU 
limit  and  the  winter  solstice  in  aphelion,  the  length  of  thi 
would  exceed  that  of  the  summers  by  no  fewer  than  thirty- 
The  lowering  of  the  temperature  and  the  lengthening  of  tl 
would  both  tend  to  the  same  effect — ^viz.  to  increase  the  a 
snow  accumulated  during  the  ^-inter ;  for,  other  things  beii 
the  lai^ger  the  snow-accumulating  period  the  greater  the 
lation. 

"  As  regards  the  absolute  amount  of  heat  received,  iiicrca 

*  CaMfut  Cvdopedia,  (  316 ;  Outlina  <^f  Astronomy,  (  36& 
t  BdifL  New  PhU.  Joum.  for  April  18S4,  p.  »4. 
t  Cotmot,  vol.  It.  p.  459.    Bohn's  edition.  1852. 

(  Thia  abstract  is  enclosed  within  brackets,  and  has  been  kindly  ftminbei 

my  friend  Mr.  CroU  himself.    It  is  parUy  taken  fttwa  the  Sd  part  of  his  pipe 

Cutnmts,  PkiC  Mag.  for  1870,  with  some  additions  and  omlsHicms.    The  follow 

datet  ot  ftOT&«  oi  Yi\a  '^v^t%  ou  \3t^  v;x\^«ct,  arranged  in  the  way  best  suited  for  be 

PKiloaopkioal  Ma«axiMtaTl&&i,  kQ«(»V^o-N«iiCtM!xA^J^\'^%^'raary.  March,  Oct 

October  VS{\  \  TttYsroAarr  ^MR  \  )'Qmt\^ffn  V^Bsavs^a&«^\  k^(&«aafr.xVMv^^M4sMB& 
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i?i  distance  mi  lengtheiuiig  of  the  winter  are  compenmtoiy,  but  not 
in  Tegaid  to  the  amonnt  of  enow  kccnmnlated.  The  conaeqnenee  of 
■  tfate  of  UiingB  would  be,  that,  at  the  commeneement  of  the  short 
BDWT,  the  ground  would  be  covered  with  the  winter's  accumuladon  of 
^v.  Again,  the  presence  of  to  much  mow  woold  lower  the  summer 
i^entnie,  and  prevent,  to  a  great  extent,  the  melting  of  the  snow, 

**  There  are  three  separate  waja  whereby  accumulated  rninnm  <£ 
ir  and  ice  tend  to  lower  the  aninmer  tempemture — vi*. 

'  1«^  The  snow  and  ice  lower  the  temperature  bj  means  of  direct 
nation.  No  matter  what  the  iutendty  of  the  aun's  raya  may  be, 
1.  temperatnie  of  the  snow  and  ice  can  never  rise  above  38°.     Hence 

p«tence  of  the  bqAw  and  ice  tends,  by  direct  ndlation,  to  lower 
'   temperature  of  all  surrounding  bodies  to  32°. 

**  In  Greenland,  a  country  covered  with  snow  and  ice,  the  piteh 
L  been  seen  to  melt  on  the  ude  of  a  ship  exposed  to  the  direct  ray* 
tdte  sun,  while,  at  the  same  time,  the  snrToimding  air  was  far  below 
•  beezing-poinL*'  A  similar  experience  has  been  recorded  t^ 
Vellen  on  ^le  snow-fields  of  the  Alps.^  These  results,  surprising  at 
^  no  doubt  appear,  are  what  we  ongbt  to  expect  under  the  urcnm- 
■3ee&  Perfectly  dry  air  seems  to  be  nearly  incapable  of  absorbing 
taant  heat  The  entire  radiation  passes  through  it  almost  without 
^  sensible  absorption.  Consequently,  the  pitch  on  the  side  of  the 
^  may  be  melted,  or  the  bulb  of  the  thermometer  raised  to  a  high 
nperature,  by  the  direct  rays  of  the  sun,  while  the  surrounding  air 
kMins  intensely  cold.  The  air  is  cooled  by  contaet  with  the  snow- 
>^ared  ground,  but  is  not  heated  by  the  radiation  from  the  sun. 

"  When  the  air  is  humid  and  charged  with  aqueous  vapour,  a  similar 
oling  effect  also  takes  place,  but.  in  a  slightly  different  way.  Air 
Miged  with  aqueous  vapour  is  a  good  absorber  of  radiant  heat,  but  it 
■b  only  absorb  those  rays  which  agree  with  it  in  period.  It  so 
Ripens  that  rays  from  enow  and  ice  are,  of  all  others,  those  which  it 
Morbs  best  The  humid  air  will  absorb  the  total  radiation  from  the 
BOW  and  ice,  but  it  will  allow  the  greater  part  of,  if  not  nearly  all,  the 
m's  rays  to  pass  unabaorbed.  But  during  the  day,  when  the  sun  is 
lining,  the  radiation  from  the  mow  and  ice  to  the  ab  is  negative — 
tftt  is,  the  snow  and  ice  cool  the  aii  by  radiation.  The  result  is,  the 
r  is  cooled  by  radiation  from  the  snow  and  ice  (or  rather,  we  should 
.y,  to  the  snow  and  ice)  more  rapidly  than  it  is  heated  by  the  sun  ; 
kd,  as  a  consequence,  in  a  country  like  Greenland,  covered  with  an  i^ 
sntle,  the  temperature  of  the  air,  even  during  summer,  never  rises 
uch  above  the  freezing-point.  Were  it  not  for  the  ice,  the  BUmmeis  of 
orth  QreenUnd,  owing  to  the  continuance  of  the  sun  above  the  horixon, 
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would  be  Mwarmas  tbofleof  Eiigknd;biity  imtoMl  of  tibcM^  tiw  Gib 
knd  nunmen  are  colder  than  our  wintevk  Oover  Indift  villi  aa  i 
aheet,  and  its  Bummen  would  be  eolder  than  thoae  of  TCnffmatA 

^  H  Another  cauae  of  the  oooling  effieet  im,  Uiat  tlie  njn  widok  I 
on  mow  and  ice  are,  to  a  eooaiderable  esdieot,  nfleetod  back  i 
space.  But  those  that  are  not  reflected,  but  abaoirbed,  do  not  nam 
temperature,  for  they  disappear  in  the  mechanical  work  of  maUii^ 
ice.  No  matter  what  the  intensity  of  the  sun's  heat  may  be,  the  i 
£ue  of  the  ground  will  remain  pennanently  at  Z3^,  ao  loi^  m  the  ■ 
and  ice  continue  unmelted. 

**  3c{,  Snow  and  ice  lower  the  tempoatnie  by  fthaiiitg  the  airi 
condensing  the  vapour  into  thick  fogs.  The  gnat  strength  of  ikm  m 
rays  during  summer,  due  to  his  nearness  at  that  aeaaon,  woold,  in 
first  place,  tend  to  produce  an  increased  amount  of  ev^xmtioas.  ! 
the  presence  of  snow-dad  mountains  and'  an  icy  aea  would  chill 
atmosphere  and  condense  the  vapour  into  thick  foga.  The  thick  1 
and  cloudy  sky  would  effectually  prevent  the  sun's  mya  from  lead 
the  earth,  and  the  consequence  would  be,  that  the  anow  would  rcn 
unmelted  during  the  entire  summer.  In  fact,  we  have  this  veiy  i 
dition  of  things  exemplified  in  some  of  the  islands  of  the  Soutk 
Ocean  at  the  present  day.  Sandwich  Land,  which,  is  in  the  si 
parallel  of  latitude  as  the  north  of  Scotland,  is  covered  with  ice  \ 
snow  the  entire  summer.  And  in  the  island  of  South  Geoigiay  wli 
is  in  the  same  parallel  as  the  centre  of  England,  the  perpetual  a 
descends  to  the  very  sea-beach.  This  rigorous  condition  <^  din 
chiefly  results  from  the  rays  of  the  sun  being  intercepted  by  the  de 
fogs  which  envelope  those  regions  during  the  entire  summer  ;  and  i 
fogs  again  are  due  to  the  air  being  chilled  by  the  presence  of  the  sac 
dad  mountains,  and  the  immense  masses  <^  floating  ice  which  eo 
from  the  antarctic  seas.  The  reduction  of  the  sun's  heat  and  laig 
ening  of  the  winter,  which  would  take  place  when  the  eocentridtf 
near  to  its  superior  limit  and  the  winter  in  aj^elion,  would  in  ti 
country  produce  a  state  of  things  perhaps  as  bad  aa,  if  not  wone  lb 
that  which  at  present  exists  in  South  Geoigia  and  South  Shetland. 

"  But  there  is  one  cause,  above  all  others,  which  tended  to  piodi 
the  glacial  climate — viz.  the  deflection  of  the  Gulf-stream  and  od 
ocean  currents.  A  high  condition  of  eccentridty  tends,  we  have  sei 
to  produce  an  accumulation  of  snow  and  ice  on  the  hemisphere  whfi 
winters  occur  in  aphelion.  The  accumulation  of  anow  in  turn  to 
to  lower  the  summer  temperature,  cut  off  the  sun's  rays,  and  zetsrd  t 
mdting  of  the  snow.  In  short,  a  state  of  gladation  is  produced  < 
that  hemisphere)  while  exactly  opposite  effects  take  place  on  the  oA 
hemiBphexe,  ^Vv^  \a&  SXj&  "vfo^T  Ssi.  ^^s^^dion.  There  the  shoitiM 
of  the  wmier%  en^di  \>[i&  \i&\^\>  ^1  ^^  \«E£s^^sKi^5se&^ts^irvs^\i:^  the  so 
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,  tend  to  prevent  the  accumulation  of  snow.  The  general 
Jt  IB  that  the  one  hemiBphere  is  cooled  and  the  other  heated.  This 
M  of  things  now  brings  into  play  the  agencies  which  lead  to  the 
action  of  the  QulfHstream  and  other  great  ocean  currents. 
.^  Owing  to  the  great  difference  between  the  temperature  of  the 
Mm  and  the  poles,  there  is  a  constant  flow  of  air  from  the  poles  to 
equator.  It  is  to  this  that  the  trade-winds  owe  their  existence. 
IT  as  the  strength  of  these  winds  will,  as  a  general  rule,  depend 
BH  the  difference  of  temperature  that  may  exist  between  the  equator 

higher  latitudes,  it  follows  that  the  trades  on  the  cold  hemisphere 
L  be  stronger  than  those  on  the  warm.  When  the  polar  and  tem- 
■ie  regions  of  the  one  hemisphere  are  covered  to  a  large  extent  with 
■r  and  ice,  the  air,  as  we  have  just  seen,  is  kept  almost  at  the 
■ing-point  during  both  summer  and  winter.  The  trades  on  that 
■iiphere  will  of  necessity  be  exceedingly  powerful ;  while,  on  the 
■r  hemisphere,  where  there  is  comparatively  little  snow  and  ice,  and 
■ir  is  warm,  the  trades  will,  as  a  consequence,  be  weak.     Suppose 

the  northern  hemisphere  to  be  the  cold  one.  The  north-east  trade- 
ie  of  this  hemisphere  will  far  exceed  in  strength  the  south-east 
^winds  of  the  southern  hemisphere.  The  median  line  between  the 
3B  will  consequently  lie  to  a  very  considerable  distance  to  the  south 
iO  equator.  We  have  a  good  example  of  this  at  the  present  day. 
difference  of  temperature  between  the  two  hemispheres  at  present 
^  trifling  to  what  it  would  be  in  the  case  under  consideration  ; 
^e  find  that  the  south-east  trades  of  the  Atlantic  blow  with  greater 
'  tlian  the  north-east  trades,  and  the  result  is  that  the  south-east 
^  sometimes  extend  to  10^  or  15°  N.  lat,  whereas  the  north-east 
^  seldom  blow  south  of  the  equator.  The  effect  of  the  northern 
SB  blowing  across  the  equator  to  a  great  distance  will  be  to  impel 
inom  water  of  the  tropics  over  into  the  Southern  Ocean.  But  tiiis 
3t  all ;  not  only  would  the  median  line  of  the  trades  be  shifted 
bwards,  but  the  great  equatorial  currents  of  the  globe  would  also 
tdfted  southwards. 

^  Let  us  now  consider  how  this  would  affect  the  Gulf-stream.  The 
bh  American  continent  is  shaped  somewhat  in  the  form  of  a  triangle, 
^  one  of  its  angular  comers,  called  Cape  St.  Boque,  pointing  east- 
^  The  equatorial  current  of  the  Atlantic  impinges  against  this 
Mr ;  but  as  the  greater  portion  of  the  current  lies  a  little  to  the 
s«h  of  the  comer,  it  flows  westward  into  the  Qnlf  of  Mexico  and 
CIS  the  Gulf-stream.  A  considerable  portion  of  the  water,  however, 
(68  the  land  to  the  south  of  the  Cape,  and  is  deflected  along  the 
IBS  of  Brazil  into  the  Southern  Ocean,  forming  what  is  known  as 
Brazilian  current 
*'  Now  it  is  perfectly  obvious  that  the  shifting  of  th^  ec^\)X/cms\  ^x)s- 
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rent  of  the  Atlutie  onlj  «  few  degtees  to  th«  eoatb  of  iti  pn 
tion — a  thing  wbieli  wonld  cat^iAj  taka  plAoe  under  tits  < 
wtiicli  we  bare  been  detailing — ^wonld  tnm  tiie  entm  cmnad 
BreiitiMi  braucti,  and  instead  of  flowing  chieSy  into  tbe 
Hexioo,  as  at  preeent,  it  wovdd  all  flow  into  the  Sontbem  0 
the  Oiilf-«trcam  would  cotuequently  be  stopped.  The  abapft 
Onlf-ttreem,  combined  with  all  thoee  caaees  which  we  hare 
coiuidering,  would  place  Europe  nudet  a  glad&l  condition,  wh 
Mme  time,  the  temperature  of  the  Southern  Ocean  wonld, 
qnence  of  the  enonuoua  qoantitj  of  wanu  water  leceiTedr 
tempenture  (aliead^  high  bom  other  censea)  rmiaed  enormon 

"  And  wh&t  holds  true  in  regard  to  the  durenta  of  the 
holds  also  true,  though  perbap*  not  to  the  aune  extent,  of  thi 
of  the  Pacific 

"  The  foUowiog  will  perhape  conre^  lome  ide*  of  what  woi 
effect  on  climate  were  the  Qulf-etresm  deflected    into  the 

"  Taking  the  breadth  of  the  Oulf-etreaia  at  twenty-five 
depth  at  IDOO  feet,  its  mean  velocity  at  foar  miles  an  hoar 
temperature  of  the  water,  when  it  leavei  the  Gulf,  at  66° 
return  current  at  40° — certainlj  a  moderate  estimate  both  i 
Tolume  and  temperature — it  has  been  ahown*  that  the  qt 
heat  convi^yed  into  the  Atlantic  by  this  stream  is  equal  to  < 
of  all  the  heal  received  from  tbe  Bun  by  that  oc«sn  from  the 
Cancer  to  the  Arctic  circle.  Were  the  Atlantic  deprived  of  a 
of  heat  60  enormaus,  what  would  be  the  effect  on  tbe  c 
Europe  }  From  principles  explained  at  considerable  lesgt 
paper  juHt  quoted,  it  is  proved  that,  were  it  not  for  the  Oi 
and  other  currents,  the  mean  temperature  of  London  wouL 
lower  than  it  is  at  present. 

"  But  there  is  still  another  cause  which  must  be  noticed  : — 
undercurrent  of  air  from  the  north  implies  an  equally  stro 
current  to  the  north.  Now,  if  the  effect  of  the  undercurrent 
to  impel  the  warm  water  at  the  eqnator  to  the  sonth,  tbe  efft 
upper  current  would  be  to  carry  the  aqueous  tbixiut  form* 
equator  to  the  north  ;  the  upper  current,  on  reaching  tbe  mty 
of  temperate  regions,  would  deposit  its  moisture  in  the  form 
Hence  it  is  probable  that,  notwithstanding  tbe  great  cold  of  i 
period,  the  quantity  of  snow  falling  in  the  northern  redone  i 
eDormoue.  This  would  be  particularly  the  case  during  Bumm 
the  earth  would  be  in  the  perihelion  and  the  heat  at  the  equa 
Tbe  eniiatot  -Hould  be  the  furnace  where  evaporation  would  ta 
aud  t^e  auvM  oiui  \ca  ol  \ci&^'ni^  ^v^uB&iiQuy.  act  Ms  a  cond 
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.  Snbmersenoe  of  litkrrA  ds:^^  GLaeiftl  F«s^Dd. — i.:  :  —  vs  Cpjcjl 

•  vill  be  enjoTimg  a  raca  aul  «q«h^^  «nhi^«5cn  v^  'cliBUSe^     A;» 

and  ice  wmtmnltu:  im  i^  ine  kouiit&eTe  sSmt  bm£6  is  Hut 

Baft  owiiig  to  tibe  precxaKw  ^  tbe  cqniiKiie^  tbe  ^iit:sftl  ojiq- 

viU  be  tnukrfezxed  fipoot  tbe  «•£  benikpiMve  to  i2ie  oc^Mf  erar 

IwidTe  thomMnd  jreaaL    OooMq^eadr^  i^  long  gUoii  peziod 

coniatted  of  m  woustaaom  doM  mod  ram  insemU. 

g^Sb  M  obvioiis  that  the  traiwfrfqice  of  tbe  ke  from  the  one  bemi- 

to  the  olher  vould  duplioe  dkt  eeith's  centre  of  gnriiTy  and 

m  a  conecqnfwy,  piwiafie  oicilljikiu  of  Mn-lerd.    Snppoie  the 

of  iee  at  present  in  the  Soothem  bemir^ieie  voaM  make  a 

1000  feet  thick,  frtrndrng  dovn  to,  saj  ladtnde  60*,  which  ia  by 

an  extraragant  sapposiion,  hov  much  vmild  the  tnnrfcr> 

af  thia  maas  from  the  Soulhem  hemisphere  to  the  Northern  laiM 

Itfcl  of  the  ocean  in  the  Xorthem  hemisphere  f     A  conaleiable 

of  diacuanon  has  arisen  in  regard  to  the  method  of  deteimin- 

jSda  point.    The  method  which  I  have  adopted  .which  is  similar 

cf  Adhemar,  with  the  exception  that  I  take  into  accoimt  the 

piodiiced  bj  the  di^laced  water)  gives  about  80  feet  as  the  ex> 

cf  ziae  at  the  North  Pole.*     Kr.  Heath's  method  gives  a  rise  of 

feet  ;t  Archdeacon  Ptatt's  method  gives  a  still  greater  rise  ;X 

Ber.  O.  Fisher  makes  the  rise  409  feet.''§] 

Srldenoe  of  Glacial  Oonditiona  in  "RarJier  Oeologioal  Parioda. 

^H  the  cold  of  the  glacial  period  was  doe  indirectlv  to  the  varying 

Itei   cf    eooentricitj   of    the  earth's   orbit,   the   same   cause    must 

1iq[lientlj  have  recurred  during  the  past  geological  history  of  the 

We  ought  accordingly  to  expect  some  traces  of  earlier  glacial 

among  the  various  geological  formations.     Before   Mr.  Croll 

"^^loiiitad  out  from  theory  the  antecedent  probability  of  the  occurrence 

4  moare  ancient  cold  periods,  Professor  Ramsay  had  called  attention 

beds  of  breccia  which,  as  already  noticed,  appeared  to  him  to 

the  existence  of  ice-action  in   Britain  during  the  Pennian 

''^^Mrifwli      He  subsequently  noted  similar  evidence   in  the  Old  Red 

Banfintrmr  and  suggested  that  some  conglomerates  and  breccias  in  the 

iMKih-'Weit  of  England  may  have  been  formed  under  conditions  similar 

^  to  those  which  existed  during  the  accumulation  of  the  more  recent 

|Miillder-clayB.||     The  more  ancient  the  deposit  the  less  likely  are  we 


for  2d  8«pt«mber  1865.    PhU,  Mag.  for  April  ISM. 
t  PktL  Mag.  for  April  ISM,  p.  828. 
%  Fm.  Mag.  for  March  IMS,  p.  172. 
f  R§ad§r  for  10th  February  18M. 

I  See  Bjuniay,  Quart  Jcum.  Geol.  5oe.,  zi.  185.    8«e  also  Mr.  Cammlng's  //Mfory  <{f  tk» 
jgU  gff  Mom  <1S48X  where  the  poesible  glacial  origin  of  eome  of  the  Old  Red  ConglomeratM 
flrat  soggeeted. 
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to  find  these  duLractezistic  ioe-etriationft  prewired  upon  the 
stonet.  Tety  from  the  instaiusee  cited  by  Mr.  Baznuj,  thei 
good  reason  to  believe  in  the  eziatence  of  glacul  action  in 
dozing  Bome  of  the  palnoioic  periods.  Mr.  Gkidwin  Am 
pointed  to  the  occurrenoe  of  travelled  bonldera  in  the  < 
Croydon,  and  enggested  their  having  been  transported  bj 
It  is  possible,  however,  that  these  stray  examples  might  hi 
entangled  in  the  roots  of  trees,  and  earned  out  to  sea  ^ 
drift-wood.*  Again,  in  the  Miocene  rocks  of  the  north  of  I 
in  the  Eocene  series  of  Switserland,  large  enatiGa  ar«  found, 
regarded  as  evidence  that  glaciers  and  icebergs  i>^*tf4  in  'Ejuoi 
part  of  at  least  two  of  the  Tertiary  periodB.f 

*  Quart.  Jow%.  Gtol.  Soc,  xhr. 
i  See  LyeU,  PHnclfk^  I  chap,  x.,  tnd  aothoritlw  then  cited. 


CHAPTER  XLIL 

HUMAN    FEBIOD.* 

Ik  the  deposits  whicli  succeed  those  of  the  Glacial  Period  we  find 
the  first  traces  of  Man.  Whether  he  lived  in  Britain  while  the  cold 
was  still  intense  enough  to  nourish  glaciers  among  the  mountains  can- 
not yet  be  definitely  settled.  But  rude  works  of  art  have  been  met 
with  in  situations  suggestive  of  frozen  rivers  and  great  floods,  and  in 
conjunction  with  the  remains  of  animals  which  lived  during  the  Glacial 
Period,  and  which  have  long  since  been  extinct 

In  dealing  with  man  as  a  fossil  which  has  to  furnish  its  quota  of 
evidence  towards  the  histoiy  of  life  upon  the  globe,  we  do  not  depend 
merely  upon  remains  of  his  oiganism  or  framework,  as  in  the  case  of 
the  other  members  of  the  animal  kingdom.  He  is  specially  a  ''  tool- 
making  animal,"  and  his  tools  or  other  objects  fashioned  by  him  are  as 
good  evidence  of  his  presence  as  his  bones  would  be.  Such  objects,  too, 
are  usually  much  more  numerous  and  more  durable  than  his  bones ; 
hence  they  are  far  more  likely  to  occur  as  fossils.  And  in  actual  fact 
it  is  chiefly  from  articles  of  human  workmanship,  and  not  from  relics 
of  the  human  skeleton,  that  the  early  history  of  man  has  to  be  com- 
piled. The  arrows  and  spear-heads  with  which  he  hunted  or  made  war, 
his  knives,  clubs,  stone-axes,  chisels,  needles,  and  such  like,  furnish  the 
materials  for  that  histoiy.  These  various  objects  are  foimd  in  many 
different  situations,  imbedded  in  ancient  deposits,  just  as  other  animid 
remains  are.  They  must  be  treated  as  fossiUy  and  according  to  the 
relative  antiquity  of  the  deposits  in  which  they  occur  must  their  chrono- 
logical classification  be  determined. 

The  oldest  works  of  art  yet  known  to  us  are  implements  of  stone 
— ^heads  for  clubs,  axes,  spears,  flint  knives,  and  other  objects  whose 
use  can  only  be  guessed  at.  A  gradation  can  be  traced  from  the  rough 
rude  character  of  those  in  the  oldest  deposits  down  to  the  neatly-trimmed 
and  polished  implements  found  in  later  formations.  These  last  are  suc- 
ceeded by  metal  tools,  first  of  bronze,  then  of  iron,  indicating  the 
gradual  advance  in  knowledge  attained  by  the  early  races.  A  classi- 
fication, based  on  this  order  of  succession,  has  been  proposed  by  the 
Danish  antiquaries,  and  very  generally  adopted — ^viz.  1.  The  Stone- 
Age  ;  2.  The  Bronze-Age  ;  3.  The  Iron- Age.     Further  tea^-KtOcL^VkSS^- 

*  Be-written  by  the  Editor. 
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ever,  bas  shown  that  the  aa-called  Ston&-Age  embraces  a  period  of  s 
great  duration,  that  while  man  continued  to  nae  implements  of  ita 
valleya  were  excavated,  the  general  anrlaoe  of  a  oouitiy  was  ehang 
climate  altered,  animalB  became  extinct,  and  man  himself  advuM 
conaiderablj  in  the  dexterity  with  which  he  could  fashion  his  tn 
Hence  the  deposits  in  whidi  the  rude  implements  occur  are  ten 
Pakeolithicy  those  containing  the  less  uncouth  are  called  NeoUAi 
Such  distinctions  are  no  doubt  to  some  extent  arbitrarv.  We  fii 
for  instance,  that  stone  implements  continued  to  be  used  long  after  t 
introduction  of  metal  tools,  and  thus  that  the  **  Stone- Age "  wu 
some  cases  prolonged  even  to  the  **  Iron- Age."  Nevertheless  these  d 
tinctions  are  found  on  the  whole  to  agree  well  with  the  other  eviden 
palsBontological  and  physical,  as  to  the  relative  order  of  the  depofl 
to  which  they  are  applied. 

L  Paubolithig. — ^Under  this  title  will  be  described  the  old 
series  of  deposits  in  which  human  remains  have  been  found.t  It 
naturally  impossible,  however,  in  many  cases,  to  say  how  fur  1 
various  deposits  thus  grouped  together  are  contemporaneous,  or  what 
the  true  chronological  order  among  them. 

1.  Oavem  Deposits. — The  formation  of  caverns  and  subterrane 
tunnels  in  limestone  and  other  calcareous  rocks,  has  been  aires 
explained.  X  These  cavities  have  frequently  served  as  receptacles  : 
the  bones  of  terrestrial  animals,  and  Iiave  retained  the  remains  in  co: 
plete  preservation.  There  are  several  ways  in  which  the  bones  mi^ 
have  been  introduced,  different  caves  showing  one  or  more  of  11h 
modes  of  introduction,  (a.)  The  cave  was  in  some  caseA  a  den,  ix 
which  wild  beasts  dragfjed  the  carcasses  of  their  prey,  and  where  th 
themselves  retired  to  die.  Such  was  the  well-known  cave  of  Kirkda 
in  Yorkshire,  from  which  the  bones  of  about  300  hyaenas  were  obtaiiK 
together  with  the  dung  of  the  same  animals,  and  with  the  broken  si 
gnawed  bones  of  elephants,  hippopotami,  rhinoceroses,  cave-bei 
wolves,  oxen,  hares,  etc  Another  hycona-den  has  been  described  1 
Mr.  Boyd  Dawkins  as  occurring  at  Wookey-Hole,  near  Wells.  1 
extracted  from  it  between  800  and  1000  bones  of  various  camiro] 
as  hysena,  wolf,  fox,  and  bear,  of  the  mammoth,  tichorhine  rhinooen 
reindeer.  Bos  primtpenius,  Cervtis  meffoceros,  and  horse.  Every  o 
of  the  bones,  including  even  the  teeth,  bore  marks  of  having  be 
gnawed.  In  the  same  cave  human  implements  of  flint  and  burnt  boo 
were  found,  indicating  that  man  was  a  contemporary  of  these  animali 
(5.)  In  other  cases  the  caverns  communicated  with  the  surface  of  tl 

♦  Terms  proposed  by  Sir  John  Lubbock  In  his  Pnhistoric  Times. 

\  IncYudrngf  of  course,  deposits  which  are  strictly  continuous  with  or  representslire 
those  conta\TUTV{^Yk\xxMkXk  t«vga^xa^  iX>:qlo\3^  tli^Y  Quiy  not  themselTes  have  yet  yielded  i 
traces  ot  man. 
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.try,  owing  to  the  occasional  falling  in  of  the  roof,  and  animals  have 

tumbled  into  the  subterranean  passages  and  left  their  remains  there. 

perhaps  the  most  conmion  mode  of  entombment  was  by  under- 

fltreams.     It  has  been  already  mentioned  how  the  gradual 

of  calcareous  rocks  under  ground  gives  rise  to  the  formation  of 

in  which  rivers  are  sometimes  engulphed.*     The  rivers  have 

instances  swept  mud,  sand,  gravel,  and  the  remains  of  animals, 

the  winding  passages  and  chambers,  and  left  them  there  as  a 

dt  on  the  floor.     Afterwards,  when  the  rivers,  by  some  other 

no  longer  flowed  through  these  passages,  or  did  so  only  now 

then  in  floods,  stalactites  began  to  form  from  the  roofs,  and  the 

^  of  water  on  the  floor  gave  rise  to  a  layer  of  hard  stalagmite,  which 

^^EHmnlated  over  the  bone-bearing  earth  or  loam  left  by  the  river  or 

*^M.     If  the  growth  of  the  stalagmite  were  interrupted  by  occasional 

^^Oods  carrying  new  loads  of  earthy  materials,  these  would  form  layera 

^  the  interrupted  deposit  of  stalagmite. 

That  man  was  a  contemporary  of  the  animals  whose  bones  are  now 
^.-Vand  in  these  cavern  deposits,  is  shown  unequivocally,  by  tlic  occur- 
of  flint  knives  and  flakes  imbedded  along  with  the  remains  of 
animals  in  the  loam  or  earth  of  the  caves,  and  covered  with  an 
^mdiBtarbed  flow  of  stalagmite.  The  antiquity  of  the  dci)osits  is  shown 
by  the  wide  difference  between  the  fauna  whicli  they  contain 
that  of  the  present  time,  many  of  the  animals  being  now  quite 
«3Cti]icty  and  partly  by  the  proofs  of  great  changes  in  the  physical  geo- 
graphy of  the  country  having  taken  place  since  the  time  when  these 
eavems  could  have  been  reached  by  any  flood.t 

Piom  the  cave-deposits  of  England    upwards  of  forty  si>ecio8  of 

mamnialia  have  been  recovered.      Among  these  may  bo  mentioned 

man  (as  shown  by  worked  flints),  bear,  fox,  wolf,  cave-liyosna,  cave- 

'  Hon,  Irish  elk,  reindeer,  wild  bull  or  urus,  bison,  hippopotamus,  wild 

-  boar,  horse,  rhinoceros,  and  mammoth. t 

S.  IfOeu  or  ancient  flood-deposits  of  the  Bhlne  and  other  rirera. 

"'  '-When  a  river  is  in  flood  and  turbid  with  sediment,  it  deposits  a  fllm 

^  of  mud  over  those  flat  spaces  where  its  current  is  slowest     The  broad 

'    aUuvial  tracts  on  each  side  of  the  stream  thus  receive  from  time  to 

'    time  additions  to  their  surface,  the  uniform  flatness  of  which  is  at  the 

same  time  preserved.     During  the  later  stages  of  the  Glacial  Period,  or 

the  earlier  stages  of  the  period  which  succeeded  it,  the  melting  of  the 

anow  and  ice  in  sunmier,  or  a  copious  rainfall,  or  both  causes  com- 

*  Ante,  p.  894. 

t  See  the  evidence  on  this  subject  collected  by  Sir  C.  Lyell  in  his  work  on  the  AnHquUy 
of  Man;  alto  the  Reports  of  the  Committee  for  Exploring  Kent's  CAvem.— Arit.  At»oc  Rep, 
The  eridence  for  the  antiquity  of  the  human  race  is  farther  treated  of  .a  few  pages  farther 
on. 

I  See  Boyd  Dawkins  on  British  Postglacial  Mammals,  Quart.  Joum.  G«A.  S(k^,xc«.V^\. 
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Uned,  swelled  the  riven  of  Oentral  and  Noitlieni  Europe  to  t  n 
much  greater  than  that  which  they  have  linoe  attained.  AhnniM! 
chaiged  with  mud,  their  waters  rose  high  above  their  i»gtwfcitig  dbmidi 
and  deposited  on  either  side  a  thick  deposit  of  flood-loam,  or,  as  il  i 
called  in  Germany,  loess.  The  loess  of  the  Bhine  is  in  some  j/ba 
several  hundred  feet  in  thicVneB% — a  pale  yellow  calcareous  losn,  li 
the  most  part  unstratified,  and  containing  land  and  firesh-water  did 
Dr.  Ami  Boue  found  human  bones  under  70  or  80  feet  of  loss  i 
Lahr,  opposite  Strasbuig. 

It  is  probable  that  in  the  case  of  the  Rhine,  Danube,  and  olfa 
large  rivers  rising  in  old  glacier  districts,  the  loess  was  really  g^ 
mud.  Professor  Suess,  indeed,  informed  the  Editor  that  he  had  fon 
striated  pieces  of  Alpine  limestone  in  the  loesa  of  the  Danube  i 
Vienna.  But  in  other  r^ons  where  no  glacier  can  have  suppBi 
the  abundance  either  of  water  or  of  mud,  these  may  perhaps  be  stti 
buted  to  a  former  more  copious  rain&lL  It  has  been  proposed,  indee 
to  regard  the  Glacial  Period  as  having  been  followed  by  a  Bain  Peso 
In  the  valley  of  tlie  Thames,  for  instance,  the  ancient  flood-loam, 
"  brick-earth  **  as  it  is  called,  rises  high  above  the  present  bed  of  t! 
river,  and  similar  brick-earths  are  found  on  slopes,  and  along  tb 
base,  in  places  sug^stive  rather  of  rain-action  on  the  general  suHsce 
the  country  tliun  of  the  work  of  any  stream.  In  the  brick-earthi 
the  south-east  of  England,  remains  of  extinct  mammalia,  with  w(X 
of  human  fabrication,  are  found.  These  will  be  described  along  vi 
those  of  the  other  river  deposits. 

3.  Ancient  or  Higher  Valley  Oravels. — As  a  river  winds  firo 
side  to  side  in  its  valley,  it  spreads  out  an  alluvial  deposit  of  an 
gravel,  and  silt,  which  extends  as  a  flat  tract  dovm  the  valley,  with  tl 
river  meandering  through  it  By  degrees  the  river,  which  is  alvs 
deepening  its  clianncl,  cuts  through  its  own  alluvia,  and  leaves  fa 
ments  or  Btri])8  of  them  on  either  side.  In  this  way  a  succession  i 
terraces  is  fonued,  the  oldest  being  those  which  rise  highest  above  tl 
stream.  These  terraces  of  sand  and  gravel  represent  former  ordinal 
levels  of  the  river.  They  are  sometimes  covered  with  a  coating  • 
brick-earth  or  loess,  showing  the  extent  of  former  floods,  by  which  mi 
was  spread  over  the  plain. 

In  the  older  gravels  of  the  north-west  of  France,  and  of  the  sontl 
east  of  England,  remains  of  extinct  mammalia,  such  as  mammoth,  tid 
orhine  rhinoceros,  and  hippopotamus,  are  of  frequent  occurrence,  tf 
with  them  are  sometimes  associated  characteristic  stone-implemeo 
fashioned  by  human  hands.  * 

¥oT  msny  ^«sx%  statements  had  been  made  as  to  the  occurrence  < 

•  The  »ucc««dVTv^  v«>'n4Et«-V'^>  ^«c«VjA.V«*  ^  >i»  «aR»>«ri  ^  ^5«a.  VsLqlementt  in  tl 
o\d©i  valley  «i*v^.  ta^  ^1  ^.  !>»)«*,  *xA  ».^v»wA.>«»^^i^N»*.  ^a&m«».  ^^^d».^,*^ 
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human  remains  in  caves  and  other  places  associated  with  the  remains 
of  extinct  animals ;  and  also  that  skeletons  of  the  megaceros  in  Ire- 
land, and  of  the  mastodon  in  America,  had  been  fonnd  bearing  the 
marks  of  wonnds  inflicted  by  human  weapons.  There  was,  however, 
too  much  doubt  about  most  of  these  cases  for  geologists  to  accept  them 
as  conclusive  evidence  in  favour  of  the  contemporaneity  of  a  race  of 
men  with  the  older  extinct  animals.^  Man  digs,  and  may  therefore 
have  dug  up  fossil  bones,  or  buried  those  of  his  own  race  ;  if  holes 
in  bones  were  really  the  result  of  wounds  received  during  life,  they  may 
have  been  made  by  homed  animals  in  fight,  or  by  hard  stakes  while 
the  living  animals  were  penetrating  thickets,  or  by  other  accidents. 
The  human  skeleton  found  fossil  in  the  Island  of  Guadaloupe,  and  now 
pfreserved  in  the  British  Museum,  is  enclosed  in  a  coral  rock  that  may 
be  of  quite  recent  origin,  since  similar  rock  is  formed  now  in  the  banks 
on  coral  reefs,  or  wherever  calcareous  grains  are  heaped  upon  coasts. 

Discoveries  have,  however,  been  made  within  the  last  ten  or  twelve 
years,  which  have  brought  the  results  of  human  workmanship  within 
the  scope  of  the  same  kind  of  evidence  as  that  on  which  the  geologist 
relies  in  all  his  other  deductions,  and  which  clearly  proves  the  work- 
men to  have  been  contemporaneous  with  the  Mammoth  and  other 
extinct  animals,  and  that  they  lived  at  a  time  when  the  physical  geo- 
g;raphy  of  Northern  France  and  Southern  England  at  least  was  rather 
different  from  what  it  is  now.  The  earlier  of  these  discoveries  are 
excellently  described  by  Mr.  Pre8twich,t  and  by  Mr.  J.  Evans,  j:  from 
whose  papers  the  following  account  is  abstracted. 

In  1841  M.  Boucher  de  Perthes  of  Abbeville  found  the  first  flint 
bnplement  in  the  old  valley-gravels,  or  so-called  "  Drift*'  of  that  neigh- 
bourhood, and  published  an  account  of  his  discoveries  in  1847  and 
1857  ;  but  it  was  not  till  1859  that  his  work  attracted  the  notice  of 
geologists  in  general  ;  and  the  French  localities  were  visited  by  Messrs. 
Prestwich  and  Evans,  from  whose  reports  they  were  afterwards  exa- 
mined by  Sir  C.  Lyell  and  by  MM.  Desnoyers  and  Hebert,  and  other 
mofit  competent  and  trustworthy  observers. 

The  river  Somme  now,  on  approaching  the  sea,  winds  through  a 

*  The  hnmon  skulls  and  bones  described  by  Dr.  Schmerling?of  Li^e,  in  18S8,  as  found 
mingled  with  bones  of  many  extinct  animals,  in  ;a  cave  200  feet  aboTe  the  Meuse,  and  as 
being  in  the  same  state  as  to  fracture,  colour,  and  condition,  with  the  other  bones,  was 
justly  considered  a  strong  case  in  favour  of  the  human  and  animal  bones  hairing  been' de- 
posited contemporaneously  by  natural  causes.  The  flint  implements  found  by  the  Rey.  Mr. 
M *Enery,  Roman  Catholic  clergyman  of  Torquay  (whose  name  all  geologists  were  familiar 
with  thirty  years  ago),  in  the  cave  called  Kent's  Hole,  seems  to  have  been  another  good  case 
in  proof.  Dr.  Falconer  found  implements  associated  with  bones  of  extinct  animals  in  a 
caTe  near  Palermo  in  Sicily.  MM.  Lund  and  Claussen,  in  like  manner,  found  human 
vemains  associated  with  those  of  extinct  animals  in  the  caves  of  BrazQ,  under  circnmstanoes 
whieh  satisfied  them  of  their  contemporaneous  ezittence. 

t  PlMc§opkieal  TranmOiom,  IWO,  Put  iL  ,     \  ArckoBolooiiv,  no\.  Trc^^^^. 
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valley  about  a  mile  in  widHi,  the  bottom  of  tliAt  yalley  haying  tSisad 
flats  of  Bilt  and  peat ;  and  the  CSialk  biUa  on  each  side  of  it  nia{ 
gently  up  to  heights  of  200  to  400  feet  above  the  aea,  hilla  of  600c 
600  feet  being  only  met  with  in  the  interior  of  the  countzj.    Ahberili 
and  Amiens  are  both  on  this  river,  the  first  at  fourteen,  and  the  littv 
at  forty-one  miles  from  the  sea,  the  mean  level  of  the  river  beii^lO 
feet  at  Amiens  and  18  feet  at  Abbeville  above  the  mean  level  d  At 
aide  at  St  Yalery,  at  the  mouth  of  the  river.     The  Chalk  hiUi  m 
covered  here  and  there  with  sands  and  gravels,  both  on  the  lii^ 
grounds  and  on  the  slopes,  down  to  the  river  valley,  where  theie  3^ 
posits  pass  under  the  silt  and  pe^  of  the  alluvial  flats.*     The  auk 
and  gravels,  or  *^  Drift"  as  they  were  formerly  called,  are  in  some  pbes 
SO  or  30  feet  thick,  resting  on  an  uneven  eroded  surface  of  Chalk,  ai 
lying  often  in  regular  layers  over  considerable  areas,  but,  like  all  wA 
deposits,  variable  in  the  thickness  and  constitution  of  their  beds,  vba 
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lunway 
cutting. 
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Fig.  16fi. 

Section  across  Valley  of  Somme,  near  Amiens,  reduced  from  Mr.  Prestidch's  tectioD 
{Phil.  TmiM.)— Horizontal  distance  about  2  miles. 

The  lower  part  of  this  section  Hs  in  clialk,  represented  by  the  horizontal  strokes.  TV 
dotted  portion  represents  the  "  drift,"  in  which  flint  implements  are  found  a8sociat(^i  vi;^ 
the  remains  of  extinct  mammalia,  and  with  recent  land  and  f^«8h-water  shells,  sod  o(» 
sionally  some  marine  shells.  The  nndotted  IkhIs  above  that,  and  on  the  slope  of  tb«  6ti& 
at  Camons,  and  in  the  valley  south-west  (of  the  hill  marked  210  feet,  m  the  bridc-eiTt^ 
The  upper  nndotted  part  on  the  flats  of  the  Somme  is  silt  and  peat. 

places  a  mile  or  two  apart  are  compared  with  each  other.  Marine  shells 
are  foimd  in  them  at  some  places,  but  at  others  land  and  fresh-vsttf 
shells,  of  the  same  species  for  the  most  part  as  now  inhabit  the  conntiT, 
are  found  much  more  abundantly  ;  teeth  and  tusks  of  the  Mammoth, 
remains  of  the  woolly  Rhinoceros,  and  other  extinct  animals^  also  oocnr. 
and  likewise  a  number  of  flints,  which  have  obviously  been  yftsAxi 
into  parts  of  weapons  or  implements  by  the  hands  of  man. 

The  flint  implements  and  extinct  animal  remains  are  found  chielif 
in  the  lower  parta  of  the  deposit,  often  under  more  than  20  feet  of  un- 
disturbed stratified  sand  and  gravel,  and  evidently  deposited  in  tk 

*  The  term  **  Drift,"  used  in  the  earlier  papers  on  this  sul^ect,  is  apt  to  le«dtoeoirfMfc> 
wVth  ihe  Ncr^  ^VSewuX.  ^cV%l  dxlfta  already  described.  It  is  now  generally  disoMd  » 
favoxLT  ol  **  vs\X«5-«ncve^;"  »» tsw\«A.  iVN«c-^gn«tfik3kr  "\&s^-\ss<wl  ^tmTela,"  or  some  tf^ 
valent  expwaaVon, 
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.  -ater  in  wiiicfa.  dieae  icrab  wbr  laiil  down.     Ther  occur  UMib  dime 

Jblieville  atui  Amiena,  at  TariuiiB  keiglita,  up   to  90   feet  dt  therti- 

.  OOTta,  kboTe  tlie  Tirer.  often  beneath,  graiuvi  whkk  U  tbv   higltert  is 

.as   immedutfe  nei^boorhDud,  having  gentle  ^pes  fe}iu  it  in  all 

u  cherefbre  impiHBible  wilh  the  pmeat  uutline  of  tlt« 

r,  and  the  preaenl  ilepth  of  th«  ri-nir  nlleT,  ami  rvLitive  levels 

I  Jsnd  and  ms,  that  anj  fresh'-water  luke  oi  cirec  nmld  havi;  existed 

. wr  Utt  (poti,  and  jet  the  unda  and  gnTels  hixje  evidently  been  de- 


Hie  Ibllowing  id  a  section  of  one  of  the  gravel-pits  at  St.  Avteal 
_^  aaav  Andeiu,  where  the  gtaaal  level  of  the  giutind  id  1-19  f«et  abuv« 

Jte  an,  and  89*  feet  above  the  Sonuae.  This  ground  »lope»  gently 
~  BO  tiu  N£  for  about  a  qooiter  of  a  mile,  as  far  as  the  railw^  cutting, 

■nd  then  mote  cteepiv  to  the  Bata  of  the  river.     To  the  south  of  St. 

Aeheol  it  is  not  commanded  by  any  higher  ground,  ^nce  there  is  a 

bolloir  between  it  and  the  foot  of  the  Mia  to  the  southward. — (See 

4.  Snrfscetoa OS 

5.  Brown  loam  in  four  bols,  some  of  them  slightly  olareoiu, 

oUien  not  )o  ;  a  few  natnnllr  fanned  (ra^cDts  of  Hint 

in  aoBie  plana  ;  no  oi^soic  nmuns  or  flint  implanients. 

This  ia  tbe  Brick-«rth 13    9 

?.  Whit«  und  and  mu'l,  with  a  few  large  anbuignlir  Uinta  ur 
blocks  of  undstone,  etc.— (Zand  and  frrA-mtler  t/ulU 

1.  Come  (nbangalir  fltot  gravel  in  a  bue  of  wliita  Baoil,  with 
whole  and  brokm  flints,  pieces  of  Tertiary  Eanilstane, 
etc.,  and  Tertiary  and  Chklk  rolled  fossils,  gubordinats 
seams  of  sand  Bometimea  level  sometimss  conturtsd, 
Mammalian  reTnaina,  and  Jtint  impUmeitts  disponed 
thronghoDt,  bat  ebisBy  "TS  fGa  lower  parts.  S/trllt, 
mostly  in  ftagmenta  (lltlix,  Iiimnta,  PiMium,  /'••>■()> 
In  some  of  the  sand  aeams        .  ....GO 

39  » 

The  flint  itnplementB  are  funnd  in  some  pits  in  conRidunilile  atiilnd- 
■nee,  in  others  rarely  ;  while  in  others  thi-y  lukvo  iiuvi^r  bmiii  fuuiid. 
Ur.  Prestwich  believes  these  fresh-water  dujKmiU  to  Ixi  iif  tllu  Duma  a^o 
•ad  character  as  the  Loess  and  Lehm  of  tlm  Itliiiiu  viillny. 

Similar  flint  implements  have  aim  been  fi)iiiicl  lutur  Itni  vJUhki*  <>f 
Hone  in  Suffolk,  in  some  old  brick  pitx.  Ilicy  wi-ru  ctuM^rlliitd  ).y  Mr. 
J.  Frere,  in  a  letter  read  before  the  Society  of  Aiitii|Uiirii^ii  in  lTII7.t 
Here  they  were  found  in  clay  containinK  frenh-wiitiir  slii-llfi,  uml  liaviii|{ 
•ome  layers  of  flint  gravel,  the  whole  foniiiD|{  a  lacusLniui  iIhihmL  iu  a 
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hollow  of  ihe  Boulder  CUy,  which  caps,  or  nther  indeed  foimi  tk 
bulk  of,  all  the  hiUs  around.  This  freah-waier  deposit  reaches  witiha 
6  or  8  feet  of  the  summit  of  the  hiU  on  the  slope  of  which  it  reili^il 
a  height  of  48  feet  above  the  adjacent  brook,  63  above  the  neighboiff- 
ing  river  Waveney,  and  112  above  the  sea.  No  gronnd  more  thn  • 
few  feet  higher  exista  for  some  nules  around,  and  its  position  h  waA 
that  **  no  existing  drainage,  nor  any  possible  with  this  configuration  of 
the  surface,  could  have  formed  these  clay  and  gravel  beds  at  tk 
relative  level  they  now  occupy.***  The  shells  prove  them  to  havebea 
formed  in  a  small  lake  or  mere. 

In  May  1861,  Mr.  Prestwich  read  to  the  Geological  Society  of  Loo- 
don  a  paper  giving  accounts  of  more  recent  discoveries  of  flint  im- 
plements, with  remains  of  extinct  animals,  near  Bury  St.  Edmundi  ic 
Suffolk,  near  Heme  Bay,  and  at  Swale  Cliff  near  Whitstable  in  Eect, 
near  Bedford,  and  in  Surrey  and  Hertfordshire,  and  calls  attention  to 
many  other  places  at  which  they  will  probably  be  found  when  searciiHl 
for.  Since  the  date  of  his  paper  they  have  been  found  at  many 
different  localities  in  the  south  and  south-east  of  England. 

Kolxxly  could  see  a  tray  full  of  these  flint  implements,  and  retain 
any  doubt  that  they  had  been  fashioned  by  human  hands.  Some  of 
them  are  like  rude  arrow  or  spear  heads,  while  others  seem  as  if  in- 
tended for  digj^ng  or  grubbing  up  roots,  being  chij^ped  to  a  strcL-z 
rather  cur\'od  point  at  one  end,  while  the  natural  undulating  surface  of 
tlie  flint  is  retained  at  the  other,  the  flint  having  been  apparently 
chosen  on  account  of  its  natural  indentations  at  that  end  fittiui^  to  the 
shape  of  the  hand,  and  giving  a  good  grasp  to  the  fingers.  The  ua- 
chipiH?d  parts  have  sometimes  the  natural  white  coating  which  is  cc-m- 
monly  seen  on  weathered  flints,  while  the  chipped  parts  have  the  dirk 
colour  of  tlie  interior.  But  most  of  the  implements  are  of  a  bri'm 
hue  (due  to  iron-stain),  which  passes  on  the  one  hand  into  block,  a&J 
on  the  other  into  a  ta^Tiy  yellow. 

There  can  then  be  no  longer  any  dispute  that  man  not  only 
existed  on  the  earth  generally,  but  even  inhabited  these  countries, 
before  the  extinction  of  the  large  mammalia  already  mentioned.  Wha: 
race  of  men  it  was  that  had  to  defend  themselves  with  rude  flint 
weapons  <igainst  the  great  bears^  lions,  and  hysenas,  and  preyed  with 
them  on  the  old  reindeer,  and  other  cervine  and  bovine  or  pachjder- 
matous  and  proboscidean  animals,  and  how  many  thousand  j^u^  I 
have  elapsed  6inc«  then,  we  are  left  to  conjecture.  Any  one  who 
has  read  carefully  the  preceding  pages  can  judge  for  himself  as  ^ 
the  time  requisite  for  the  animals  to  have  become  extinct,  and  for  tk 
alteTalion  Vn.  \.\i«  levels  and  the  minor  features  of  the  surface  of  the 
ground  to  YiaN^  ^oft^ii  Y^o^^^fc^. 
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,  The  climate  may  have  then  been  more  excessive  than  now,  but 
)  perhaps  more  so  than  that  of  Newfoundland  at  the  jxresent  day, 
ieh  is  in  the  same  latitude  as  the  northern  part  of  France,  and  is 
1  Inhabited  by  reindeer  and  bears,  and  even  invaded  occasionally  by 
i  P6lar  bear  landing  from  an  ice-floe,  and  which  a  century  ago  was 
flibited  by  a  race  of  Red  Indians  who  lived  chiefly  on  the  reindeer, 
I  tbe  last  of  whom  have  either  perished  or  fled  to  Labrador  within 
last  forty  years. 

Mammalia  of  BrUiah  FaUxolitkic  Dqnmta,  * 


Memo  .  .  .  , 
RhinolophnB  femnn-eqniiiiun 
Vespertilio  noctala 
Sorex  Tiilgftris 
UnuB  arctoB 

spelieiu 

ferox 

Oulo  losciis 
Mdes  tazus 
If  nstela  erminea 

pntoiius 

martes 

Lintra  Tolgaris 
OaniB  vulpes 

• lupus 

Hyena  spetoa 
Felis  catus  . 

(antiquus)  pardns 

• leo  (var.  spelseiu) 

lynx    . 

MachairodoB  latidens 
Alces  malchis 
Cemis  megaceros 

tarandns   . 

capreolna  . 

elaphus     . 

Qyibos  moschatns 
Boe  primigenins    . 
Bison  priacos 
Hippopotamus  major 
Bus  scrofa    . 
Eqnus  caballns     . 
Bihinoceros  megarbinns 

leptorhinns 

— tichorhinm 

Elephaa  antiquus 

primigenius     . 

Lemmus,  sp.         .        . 
Lepus  cuniculus   . 


Care  DepoaitaL  Birer  Deposits. 

*  * 

♦  ___ 
?                       — 


* 
« 


* 
« 

* 
* 
« 
* 
« 


« 
* 
« 


« 


* 

f 

« 

* 
« 


* 

? 

* 


This  list  is  taken  from  the  paper  by  Mr.  Boyd  Dawkins,  Quart  Jowm.  OtoL  Soe,  (1M0), 
192. 
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CaTe  Deposits.        BiTcr  DepofiU 

Lepus  UmiduB *  • 

Lagomys  iipelflRns  ....  *  — 

Spermophyluii  erythrogenoides        .         .  ?  — 

Arvicola  prateiwis  ....  *  — 

Agreutis  .....  *  — 

amphibius       ....  *  — 


Castor  fiber 

Mils  musculus *  * 

II.  Neolithic. — Under  this  division  may  be  grouped  those  depos 
in  which  are  found  human  implements  of  stone,  such  as  polbhedor 
and  other  articles,  indicating  a  considerable  advance  in  civilisation, 
is  here  that  the  geologist  and  archaologist  begin  to  find  common  grou 
for  research,  each  aiding  and  8uj>plementing  the  work  of  the  other. 

Lake  Dwellings. — In  Switzerland,  during  a  low  state  of  the  vai 
many  traces  of  ancient  dwellings  have  been  found  along  the  maipi 
some  of  the  lakes.  These  dwellings  were  formed  on  piles  of  w 
driven  into  the  soft  mud  of  the  bottom.  They  appear  to  have  b«E 
use  during  many  centuries.  At  some  of  them  hatchets,  knive*.  - 
other  instruments  of  stone  have  been  found,  along  with  Injnes  of  d 
wild  boar,  wild  bull,  etc.  In  others  llie  introduction  of  the  use  of  d 
i.-^  shown  by  tlie  disctovery  of  bn)nze  tools  and  weapons,  while  aidiT^ 
evidiiuce  of  prt)^n*ss  in  the  arts  is  furnished  by  bon».'S  of  dumi->ii.'i 
animals,  with  fmj^nienU  of  pottery,  ru«le  clf»th,  and  charre«l  corn. 

Peat  Mosses. — In  Denmark  most  interesting  iiLfonnatiiin  h:i?l 
obtained  reganling  the  later  jjarts  of  the  Stone- Age  in  that  oouu 
In  tin*  peat  mosses  a  succession  of  vegetation  can  l>e  detect«,Mi,  rhi-  le 
zom»  of  peat  containing  remains  of  the  Scotch  fir,  while  the  u]»]vr  j 
is  marked  by  tlie  occurrence  of  the  oak.  The  Scotc^h  fir  hiis  never  b 
known  as  an  indigenous  tree  in  Denmark,  and  the  oak  wiiioh  *- 
its  place  hjis  in  turn  been  8ucceede<l  by  the  beecli.  In  the  ohlt-r  p 
of  the  peat  stone  implements  are  found,  while  in  the  later  jKiniea? 
works  of  art  are  of  bn)nze. 

Kitchen  Middens. — Another  kind  of  evidence  regarvling  the  St: 
Age  is  furnished  by  the  Kjcikkunnuklding,  kitchen  niiddifus  or  fb 
mounds  of  Denmark.  These  are  mounds  made  tip  of  loose  sh^^lla 
the  common  cockle,  peri\i'inkle,  oyster,  and  other  eilil:)le  mollcsO; 
shell-refuse  of  the  early  races,  lliey  occur  along  the  Danish  c<.-asT?. . 
similar  mounds  have  been  noticed  in  diffen:nt  parts  of  the  Brii 
islands.  Among  the  castaway  shells,  tools  of  stone,  bime,  hom,  i 
wood  occur,  but  without  any  of  metal ;  also  pieces  of  rude  pottery  i 
traces  of  the  use  of  fire.* 

In  Britain  the  close  of  the  Stone- Age  and  the  incoming  of  the  us 

by  Lubbock.;  ft\i  3o\m.l*MX»>»Oi;*  PTtKv«\i(jT\cTviM*;"\js02i:'k  *^^Vx«»^V%^\  VL>v«.. 
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^-«a.l   tu.tls  has  not  yet  been  so  satisfactorily  traced.     Tlie  frequently 
poli.shed  stone  celts,  and  the  neatly  trimmed  arrow-heads  of  flint, 
r,  show  that  the  older  and  ruder  stone-weajwns  gave  place  to 
of  like  material,  but  of  far  more  cunning  workmanship.     It 
also  that  even  after  bronze  came  into  use  stone  continued  to  be 
ly  as  being  probably  a  less  costly  and  more  easily  obtained 
We  even  find  proofs  that  the  stone  tools  were  sometimes 
cut  and  polished,  to  imitate  the  form  of  those  which  were 
bronze. 

le  further  tracing  of  the  history  of  man  belongs  rather  to  a  trea- 
^n  archaeology  than  to  a  geological  manual.     In  closing  this  out- 
it  may  not  be  inappropriate,   however,  to  notice  some  of  the 
of  geological  changes  which  have  been  witnessed  by  man  since 
le  an  inhabitant  of  Britain.     Reference  has  already  been  made 
-^9  evidence  furnished  by  the  ancient  river-gravels  and  cave-earths 
great  vicissitudes  which  have  passed  over  the  surface  of  this 
We  see  how  valleys  have  been  deepened  and  widened,  so  as 
^^iher  the  whole  drainage  of  large  districts  ;  how  the  old  rivers  have 
their  terraces  far  above  the  limits  of  the  present  streams,  and  bear 
to  a  climate  then  much  severer  than  that  which  we  now  enjoy, 
— rach  as  it  was  less  removed  from  the  Ice-age  which  had  preceded 
^  ;  how  the  long-extinct  mammoth,  rhinoceros,  hippo|)otamu8,  and  other 
^^  mammals  roamed  over  the  country ;  how  the  caverns  were  haimted 
.  ^^  extinct  forms  of  hyana,  lion,  and  bear  ;  how,  of  the  forms  of  life 
^hich  still  survive,  some,  like  the  reindeer,  elk,  and  musk-sheep,  then 
^bandant  here,  have  now  retreated  to  more  northern  latitudes,  where 
Qiey  find  that  congenial  climate  which  they  formerly  encountered  in 
Uiia   country  ;  how  man,  at  first  a  savage,  warring  with  rude  imple- 
ftente  of  stone  against  the  beasts  around  him, — tlien  a  more  skilled 
kanter,  with  bow  of  horn  and  arrows  tipped  with  flint, — then  adding 
gradually  to  his  comfort  hy  gaining  a  knowledge  of  the  use  of  metals, 
^  of  the  cultivation  of  com,  of  the  domestication  of  animals,  and  of  the 
fabrication  of  woven  textures,  advanced  step  by  step  in  civilisation, — 
■  now  helped,  perhaps,  and  now  thrown  back  by  the  migration  of  other 
-  mde  human  tribes  from  what  is  now  the  mainland  of  Europe,  until, 
ttt  laAt,  he  comes  within  the  pale  of  history,  and  is  brought  face  to 
face  first  with  the  civilisation  of  Rome,  and  then  with  the  humanising 
and  elevating  influences  of  Christianity. 

Seoay  of  Peat-Mosses,  and  Change  of  Climate. — Of  the  gradual 
change  of  clinmte,  other  proofs  are  afforded  by  the  gradual  decay  of 
our  peat^mosses.  The  wide  areas  of  peat  which  cover  so  large  a  sur- 
face in  Britain  and  in  Ireland  belong  to  a  time  when  the  rainfall  was 
probably  greater  than  it  now  is  ;  for  the  peat,  as  a  rule,  is  now  no 
longer  growing.     On  hill-tops  and  watersheds,  where  it  once  grew  luxu- 
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riantly,  to  a  depth  of  many  feet,  it  is  crackiiig  np  and  wastiiig  mf 
Bain,  frosts,  and  runnelB  of  water,  oontintially  act  upon  it,  and  coy 
its  debris  down  to  the  low  ground.* 

OaoiUationa  of  I«eTal  of  Iiaad. — ^Eridence  of  recent  osdilatinrf 
level  of  the  land,  with  respect  to  the  sea,  in  Britain,  is  fnniflhed  \f 
the  raised  beaches  and  sunk  fore8ts.t  The  older  raised  beaclmlM 
been  already  referred  to,  as  belonging  to  the  suhmeigence  of  the  eo» 
try  daring  the  later  stages  of  the  Glacial  Period,  llioee  which  oeevi 
a  lower  level  than  forty  feet  are  probably  all  assignable  to  the  hoB 
period,  if  indeed  the  forty-feet  terrace  itsdf  does  not  mark  the  cosit^ 
when  the  first  men  arrived  in  Britain.  At  Glasgow  canoes  have  \m 
found  in  the  upnused  silt  of  the  estoary  ;  and  the  country  b^weea  Ai 
Firths  of  Clyde  and  Forth  famishes  evidence  of  recent  uphoival  tv  Ai 
extent  of  aboat  twenty-five  feet 

Before  the  last  elevations  of  the  land  there  appears  to  have  beai 
movement  of  sabsidence,  whereby  peat-mosses  and  woods  were  etnid 
down  beneath  the  sea»  The  eficNCt  of  the  later  upheavals  woaM  dfl 
be  to  bring  these  submerged  land-surfaees  up  again  towards  the  krf 
of  the  ocean,  or  above  it.  Evidence  of  the  subsidence  is  to  be  kni 
along  many  points  of  the  coast-line  of  Great  Britain  and  Irehil 
Thus,  on  the  Irish  coast,  '^  undisturbed  peat  bogs  occur  beneath  tk 
sand  of  the  beach,  stretching  below  the  level  of  the  lowest  spring  dda 
Turf  has  lately  been  found  beneath  the  mud  of  Wexford  harbour.  At 
numerous  points  along  tlie  south  and  west  coast  of  Ireland  it  is  i 
common  practice  of  the  country  people  to  go  to  the  head  of  the  nadr 
bogs,  at  dead  low  water  at  spring  tides,  and  dig  turf  from  undenod 
the  sand,  and  it  has  been  equally  noted  in  similar  situations  aloDg  tltf 
western  and  northern  coasts.  The  stumps  and  roots  of  trees  in  tk 
position  of  growth  are  found  in  this  peat,  clearly  showing  that  it  giev 
on  the  dry  land  ;  and  its  very  general,  we  might  almost  say  uniTOiiIr 
occurrence  round  the  coast,  shows  that  no  local  position  of  sand  billf 
or  other  barriers  can  accoimt  for  the  land  having  been  dry,  but  tbtf  it 
formerly  stood  at  a  higher  level,  and  is  now  beneath  the  sea  in  txn/t 
quence  of  depression. 

''  There  are  many  points  on  the  coast  of  England  also,  where  son- 
lar  facts  are  observable.  I  dug  a  stump  of  a  tree  full  of  living  phobds 
out  of  the  turf  at  the  margin  of  dead  low  water  of  a  spring  tide  betwca 
the  mouth  of  the  Dee  and  the  Mersey' in  the  summer  of  1837.  OU 
land-surfaces  have  been  foimd  beneath  the  fens  of  Cambridge  helov 
the  level  of  the  sea.**  t 

These  movements  serve  to  remind  us  that  the  great  phenomem  ^ 

*  &M  3un«&  OcXk^«  OTL  Pc&t  Mosses  and  Bnrled  Forests,  and  the  Changes  of  CUs* 
t  ftee  atOt,  pp.  ^^.  ^aa.  \  ixjaiwfc ^3l^Mi(.  ^^^<sii  ^H^bj^  u-wc^jl 
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plieaval  and  elevation  do  not  belong  to  the  far  distant  past,  bnt  are 
art  of  the  present  economy  of  nature,  while  still  farther  indications  of 
[il>terTanean  activity  are  given  by  the  tremors  and  rumblings  of  the 
round,  hardly  worthy  of  the  name  of  earthquakes,  which  from  time  to 
Ime  pass  over  various  points  of  these  Islands.* 

Having  brought  down  our  geological  history  to  what  is  known  as 
he  Becent  Period — that  is,  the  period  characterised  by  the  changes 
riiieli  civilised  man  has  worked  upon  the  surface  of  the  earth — ^we  might 
sataially  be  called  upon  to  continue  it  even  to  the  present  day,  and  to 
fre  an  account  of  the  geological  changes  which  have  taken  place 
iming  the  lapse  of  human  history,  and  of  those  which  are  now  in  pro- 
around  us.  If  this  were  done  fiilly,  it  could  be  shown  that  the 
of  operations  has  been  a  perfectly  continuous  and  equable  one, 
^en  although  our  history  of  them  might  be  incomplete.  Whatever 
BAy  have  been  the  moral  significance  of  the  appearance  of  man  upon 
he  globe,  it  has,  in  a  natural  history  point  of  view,  been  but  the  in- 
Eoduction  of  one  more  animal,  superior  to  the  rest  in  intelligence,  and 
herefore  in  power.  We  cannot  find  any  geological  evidence  of  an  in- 
Bxruption  in  what  is  commonly  called  the  ''  course  of  nature,**  of  any 
Iteration  in  the  physical  laws,  or  of  auy  traces  of  a  general  catastrophe, 
IT  <»ttacly8m,  or  disturbance  of  any  kind,  occurring  either  just  previous 
Oy  aiinultaneously  with,  or  subsequently  to,  the  introduction  of  man 
qpon  the  globe. 

Geology,  by  itself,  shows  us  that  the  mechanical  erosion  of  our 
^xeeent  dry  hmds,  either  by  the  waters  of  the  atmosphere  or  those  of 
lie  ocean,  has  been  going  on  uninterruptedly  from  a  vast  indefinite 
period  to  the  present  day.  The  elevation  and  depression  of  the  surface 
if  the  solid  crust  of  the  globe  above  or  below  the  surface  of  the  ocean, 
nezDS  equally  to  have  acted  from  the  earliest  geological  periods,  just  as 
it  18  now  acting  in  the  nineteenth  century ;  and  even  if  it  could  be  proved 
tiiet  its  former  intensity  of  action  must  have  been  greater  than  now,  we 
Dan  show  no  proof  of  any  sudden  change  in  that  intensity  at  any  parti- 
Bolar  period  either  of  geological  or  human  history.  The  alteration  in 
ttie  rate  of  movement,  if  it  took  place  at  all  during  our  geological  his- 
Icoy,  waa  as  gradual  an  alteration  as  the  movement  itself  was  always 
iqiiable  and  graduaL 

The  secretion  of  solid  matter  from  the  ocean  or  the  air  by  animal 
and  vegetable  life,  and  the  deposition  of  that  matter  as  a  solid  compo- 
Bant  part  of  the  earth's  crust,  seems  also  to  have  been  going  on  from 
Ml'  ihc^£iute  period  of  past  time  uninterruptedly  down  to  the  present 
day.     The  vast^Clpral  reefs  of  the  Indian  and  Pacific  Oceans,  rising 

•  Hm  TenMining  paragiqtphs  of  this  chaptor  txe  \yy  Mx.  3\]^«i,  iajOl  lonai^^iGA  «a&iS0^- 
a^  chapter  oT  the  lB§t  edition. 
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from  ilepths  of  at  least  2000  feet,  are  grand  moniunents  of  the  « 
of  thia  action.  Merc  centuries  aeem  but  units  by  which  to  c^ 
time  that  must  have  ehipsed  since  the  commencement  of  the 
bulks  on  the  coasts  of  the  submerged  lands  on  wldch  thev  \ 
grow.  Making  all  allowance  for  the  possibility  of  rapid  ^ 
reef-making  coralB,  we  C4)uld  not  conceive  it  possible  thai  ovei 
of  a  thousand  miles  in  length,  a  foot  could  be  added  to  the 
height  of  the  reef  in  less  time  than  several  years.  Even  on 
position,  then,  of  the  slow  subsidence  of  the  bottom  being  contim 
barrier  reef  of  Australia  (as  one  instance)  must  have  taken  seToi 
2000  years  for  its  formation.  But  we  have  in  reality  no  evi 
prove  the  subsidence  of  the  base  and  the  growth  of  the  upper  a 
edge  to  have  been  continuous,  and  it  seems  to  have  been  static 
the  last  1 00  years  at  all  events,  and  may  have  been  so  for  ui 
tunes  ;  and  such  pauses  in  the  movement  appear  rather  to  be 
than  the  exception,  so  that  the  more  we  reflect  on  it  the  more 
date  of  the  commencement  of  this  great  reef  recede  into  the  haz 
time.  And  what  is  true  of  this  single  instance  is  equally  tni 
atolls  and  barriers  over  the  space  of  6000  niilea  in  the  Paoiti 
Their  very  number,  too,  adds  to  the  length  of  time  that  unlV>l 
before  our  reiuson  as  a  necessity  for  their  formation,  since  it  set 
cult  to  imagine  them  all  to  have  begun  at  once,  and  tlie  subsiil 
upwanl  growth  always  to  have  been  in  action  over  the  whol 
once,  and  always  to  have  been  equal  in  amount,  so  its  to  roi 
time  to  a  minimum.  When  all  the  significance  of  Darwin's  exj 
of  the  formation  of  Cond  reefs  is  taken  into  account,  no  one 
template  his  map  of  their  distribution  without  profound  int^^rest 
are  the  tombstones  erected  over  the  buried  mountains  of  a  su 
land,  of  the  funner  existence  of  which  we  could  have  had  no  s 
if  it  hatl  not  been  for  these  piles  of  the  skeletons  of  sea  creati 
heaped  upon  it  during  its  gradual  submergence. 

If  we  turn  from  the  Coral  reefs  and  contemplates  the  ex 
distribution  of  Volcanoes,  we  have  to  listen  to  another  versio 
same  great  story.*    Beginning  in  the  South  Shetland  Islands,  in 
south,  a  chain  of  volcanoes  may  be  follow^ed  through  Tierra  de 
and  along  the  Andes  into  Guatemala,  and  the  West  Indies  and 
and  thence  along  the  Cascade  Range  into  Russian  Anieric«i,  in 
north.     This  is  connected  by  an  east  and  west  band,  thr 
Aleutian  Islands,  with  the  Asiatic  volcanoes,  which,  comm»'T 
Kamtschatka,  in  62°  north,  may  be  followed  do^-n  the  K 
Japanese,  and  Philippine  Islands,  to  the  Moluccas,  wh-ri*   :.i- 
to  anotWi  YiSAid,  iVvat,  commencing  on  the  coast  o*"   Iliuinaii 
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Snmatra  and  Java,  Bali,  Lombock,  and  Sumbawa.    The  two, 

in  the  Molnccas,  run  thence  along  the  north  coast  of  New 

and  down  through  the  intermediate  islands  to  New  Zealand, 

of  which  the  line  seems  to  be  continued  through  the  Balleny 

to  Moimt  Erebus  and  Mount  Terror,  in  lat  78°  soutL    These 

o  volcanoes,  rising  to  heights  of  12,000  feet  among  the  eternal  snowa 

tlie  Antarctic  regions,  lie  between  the  same  meridians  of  160°  and 

370**  east,  as  those  of  the  north  of  Eamtschatka,  so  that  we  have  here  a 

volcanic  band,  extending  north  and  south  through  140°  of  the 

'a  polar  circumference,  or  between  9000  and  10,000  miles.    If  we 

the  branches,  and  the  American  line,  this  length  will  be  about 

^flovibled.     The  central  volcanic  islands  of  the  Pacific,  such  as  the 

CkilapHgos,  the  Sandwich  and  Fidjee  Islands,  and  those  of  the  Indian 

y  have  also  to  be  reckoned. 

Sxcept  the  raised  coral  islands  of  the  Bermudas,  and  the  non-vol- 

islands  of  the  West  Indies,  all  the  islands  of  the  Atlantic,  from 

d'Acunha  to  Iceland  and  Jan  Meyen  Island,  are  volcanic,  and 

ISO  these  we  must  add  the  volcanoes  of  the  Mediterranean  basin. 

The  volcanoes  of  Central  Asia  are  dying  out  simultaneously,  as  it 
,  with  the  drying  up  of  the  waters  of  the  internal  basin  of 
,  of  which  the  Caspian  and  Aral  Seas  are  the  remains.* 


I  do  not  know  that  it  has  ever  been  remarked  tbatfthe  Mediterranean,  and  its  depend- 

tlie  Black  Sea,  and  all  the  countries  the  riven  of  which  flow  into  these  eeaa,  belong  in 

1— lltj  to  this  great  internal  basin.    The  current  always  running  in  through  the  Straits  of 

OftaBsltar  shows  that  supplies  from  the  ocean  are  necessary  to  keep  the  Mediterranean  up  to 

leveL    If  those  Straits  then  were  closed  by  land  ever  so  little  above  that  level,  no 

would  take  place  out  of  the  Mediterranean,  and  all  southern  Europe  and  North 

JjUoa  would  belong  to  the  same  internal  basin  of  drainage,  separate  firom  that  of  the  great 

oewiif  which  extends  tiom  the  neighbourhood  of  St  Petersbuig  to  the  borders  of  China. 

Ik  fa  xemarkable  that  this  internal  basin  would  then  be  connected  in  the  most  intimate 

with  the  great  complex  mountain  chain  of  the  Old  World,  running  east  and  west 

t^abk  and  Morocco  into  China.     If  we  regard  the  Pyrenees  and  the  Atlas  as  two 

jimlliil  oordillerBS  of  this  shain,  we  have  the  table-land  of  Spain  and  the  western  ex^ 

tliuiti  of  this  basin  between  them.    We  must  then  look  to  the  mountains  of  Germany  and 

ihm  Taldai  Hills  of  Busria  and  the  Altai  mountains  of  Asia  as  the  northern  ranges  of  this 

gVMi  dudn,  throwing  off  the  drainage  of  its  outer  slopes  to  the  Arctic  Ocean,  and  regard  the 

HoBgoUan  and  Himmalayah  mountains  as  its  eastern  and  southern  borders  in  Asia,  while 

te  AMea  that  southern  border  must  be  extended  to  the  mountains  firom  which  the  Nile 

AU  the  hi^  lands  between  these  limits  consist  of  long,  but  often-interrupted, 

md  west  nnges,  together  with  lofty  table-lands  singularly  alternating  with  deep  basins, 

OM  of  which,  that  of  the  Dead  Sea,  is  so  greatly  desiccated  that  its  waters  are  now  1800 

iMfe  below  the  ooean  leveL    The  Caspian  Sea  even  has  shrunk  to  a  depth  of  80  feet,  and  the 

MwlltMianean,  and  therefore  the  Black  Sea,  would  have  shrunk  had  it  not  been  for  the 

fl^pplj  tiuoogh  the  Straits  of  Oibraltar.    Two  broad  spaces  of  low  land— the  one  in  Bussia, 

Iwtwsett  the  Carpathian  and  Ural  mountains,  and  the  other  in  Africa,  between  the  Desert 

iad  the  libyan  Oulf— seem  to  lead  into  this  interior  basin.  Was  it  foimeriy  connected  with 

t|M BMiB  ooean  throng  these  spaoest 

When  tiie  history  of  the  formation  of  the  countries  occupied  by  this  stn^goi^ax  cjcrk^^kl 
tali  of  brokoi  ooantry,  which  comprises  both  the  loftiest  peak  and  \^\ow«sX  v^cAa  ^  ^x^ 
land  la  the  world,  comm  to  he  completely  written,  the  connectton  Ot  \^^  •ii\«A!at>9ia&!^^ 
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Thianghoiit  all  the  vast  spaoet  thm  brieflj  mentJoned  tlien  < 
Toloanic  oonea,  oompoaed  of  heapa  of  ^ected  duden  and  aaha^ 
i^^wiftiM^l  kTa-flows,all  biaoed  tagetber  bj  i^jectad  dykea  and  rn 
UvBi  Tlieae  external  pnatnlea,  aymptoma  of  the  internal  thioei< 
mote  deeply-seated  maaaea  of  molten  rock,  baYe  all  been  aeeunnlai 
the  aame  way  that  we  aee  them  now  beLog  aflmmnlatiitd.  That 
aent  intennittent  action,  indeed,  ia  obTionaly  bat  a  continnatian  & 
which  haa  been  going  on  from  their  oonunenoemenk  We  knoi 
many  of  them  have  lain  dormant  for  great  apaoea  of  time,  and 
bniat  forth  again  into  activity.  Yeaaviua  ia  bat  a  email  exaa^ 
them,  and  it  moat  continue  for  an  immenae  period  of  time  to  add 
external  aize,  before  it  could  hope  to  rival  the  vaatly  prepondfl 
bulk  of  Etna.  Yet  we  know  that  Yeauvina  waa  dormant  for  a 
oenturiea  before  our  era,  and  that  although  it  has  continued  activ< 
aince,  yet  the  aubaequent  accumulationa  have  not,  to  aay  the 
doubled  the  aiEe  of  the  mountain  which  existed  before  the  year  jl 
Etna,  from  all  the  descriptions  of  the  earlieet  wzitera^  waa  veiy 
of  the  same  height  and  bulk  2400  years  ago  which  it  attains  nc 
that  Pindar  could  speak  of  its  being  the  pillar  of  Heaven  and  the : 
of  ^ eoerloMting  froit,^  as  well  as  ''containing  the  fountains  c^ 
approachable  fire.**  It  bears  on  its  flanks  volcanic  hills  of  no  i 
siderable  magnitude,  and  Yesuvius  might  be  almost  hidden  an 
the  valley  called  the  Yal  del  Bove,  which  runa  down  one  side  of 
Its  base  would  cover  an  English  county,  and  its  summit  is  i 
11,000  feet  high,  the  whole  being  made  up  internally  of  nun 
small  cones  of  ejection  buried  from  time  to  time  under  the  vast  pi 
dust  and  ashes,  and  the  rivers  of  molten  rock  which  have  proceeded 
its  dominant  centre. 

If  we  reckon  from  what  we  hum  of  the  mode  of  action  in  th 
mation  of  volcanic  mountains,  taking  into  account  all  the  pauses  ^ 
occur  between  the  periods  of  action,  to  what  date  are  we  to  refe 
conmiencement  of  the  ejections  which  formed  the  old  mounta 
Yesuvius  as  it  stood  before  the  time  of  Fliny  ?  and  to  what  mon 
and  dim  antiquity  are  we  to  refer  the  beginnings  of  Etna  f  £ 
these  two  mountains  give  rise  to  such  unanswerable  questions, 
shall  we  say  when  we  come  to  the  general  examination  of  th 
larger,  far  loftier,  and  still  more  numerous,  volcanic  cones  whid 
their  heads  along  the  lines  just  now  spoken  of  as  traversing  i 
continents  and  crossing  great  oceans  ?  The  number  of  cones  mu 
taken  into  account,  because,  while  we  know  that  all  the  cones  of  a 
district  are  often  dormant  together  for  long  periods,  we  do  not  km 
any  instances  in  which  they  all  become  simultaneously  active.     A 

diminASB  wVUx  \2bib  movaxVx&xi-ttts^stA  vdA  \i>c^«AK&&&  v^  ^saniicSiaMMk  \m  found  to  be  i 
poriani  pui  ot  V^ 
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M^otL  in  one  is  indeed  often  lyflliHed  witii  bf  oAen^  so  fin-  as 
^jmaaaa  of  smoke  or  slig)it  sjnploBH  of  actiTitj  are  eonconed, 
^rf^  gfeat  additions  to  Ifae  balk  of  riifsf  pdes  are  ever  made  simal- 
2  4111^  in  aH 

^Isnot  of  comae  infaadwi  to  asKrt  IJist  the  commwiflpment  of  all 
^  jmft  aetiYe  Toleanoes  of  Ibe  worid  dates  bam.  a  penod  later  than 
ZMBKHan  of  the  human  xsee,  tiioiigli  most  of  tliem  seem  to  be  no 
^.flian  the  existing  species  of  Mollnsca.  Wbafeerer  maj  bare  been 
^tdhites  of  their  oiigin,  howerer,  their  action  has  been  eontinned 

*mi^  the  Beeent  period,  and  theretoe  in  part  bdongs  to  iL  It  is 
j^  also,  that  since  the  cgecticn.  of  tfaeae  piles,  so  many  of  which 
of  loose  materials^  often  so  pondoeoos  as  to  float  in  water,  no 
delnge  coold  hare  swiqit  orer  the  diy  land  without  leaving 
lent  traces  of  its  paassge,  neither  can  the  cones  have  been  ever 
Wij  sabmeiged  beneath  the  aea  without  tzaces  of  soehan  oecoirenoe 
Big  discernible. 

:  XsrthquakeSy  which  are  so  commonly  the  accompaniments  or 
tenors  of  volcanic  eroptions,  ought  also  to  be  described  in  onr 
iCiiMiation  of  geological  history  from  human  records.  They  are  ob- 
ttdLy  the  external  83rmptom8  of  the  moyements  generated  deep  in  the 
tk's  cnist  by  the  action  of  the  heated  interior,  when  that  movement 
omes  convuLdve  instead  of  equable.  Mr.  Mallet  has  given  an  ad* 
gable  resum^  of  their  history  from  the  year  &a  1606  down  to  the 
(T  AJX  1842.     M.  Perrey  of  Dijon  continues  the  account  to  1850. 

less  a  number  than  between  6000  and  7000  separate  recorded 
Ihquakes  are  discussed  by  Mr.  Mallet  in  the  reports  attached  to  his 
latalogue."  During  the  hut  four  years  embraced  by  his  list,  he 
ntions  upwards  of  400  earthquakes,  or  an  average  of  about  two  a 
ak.*  If,  therefore,  we  allow  for  many  unrecorded  shocks,  which 
le  either  too  slight  for  notice  or  occurred  in  parts  of  the  earth  where 
record  of  them  was  made,  we  shall  perceive  that  the  crust  of  the 
th  is  in  fact  in  a  perpetual  state  of  vibration  and  trembling,  now  in 
i  part,  now  in  another.  If  these  movements  are  so  often  felt  even 
the  surface,  it  seems  that  the  internal  and  deeper  seated  parts  of  the 
th's  crust  must  be  still  more  frequently  affected,  and  by  movements 
far  greater  magnitude  and  intensity  than  those  which  reach  that 
face. 

Mr.  Mallet  discusses  the  relations  of  earthquake  energy  to  both  time 
1  space,  the  distribution  of  earthquakes  over  the  surface  of  th  3  globe, 
I  their  connection  with  volcanio  districts  ;  he  also  describes  the  laws 
motion  which  they  seem  to  observe,  comparing  them  with  t'lc  vibra- 
OB  produced  artificially  by  great  blasts  of  gunpowder,  a  ui  gives 
es   for  finding  the  depth  of  the  origin  of  the  shock,  an  I  diroc- 

*  See  the  Barlhqwke  Catalogue  of  the  Britiih  Aj»ocl».UotL  tAx^iA'^  t^\.\A\. 
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tiana  for  oboerving  them  mare  flyvtematically  tliaiL  has  bitheito  beo 
done. 

These  four  great  actions  then — the  degtruclion  of  rock  hy  chendol 
decompoaition  and  mechanical  eroaion, — the  formation  of  rock  If 
chemical  or  oigano-chemical  conaolidation,  and  by  mA<»TiAni<»al  depoa* 
tion — the  intnuion  of  igneona  rock  from  below  into  or  over  aqnani 
rock — and  the  bodily  eleyation  and  depreaaion  of  different  parts  of  the 
eaith-enut  thus  elaborated— «re  still  going  on  now,  as  they  have  ever 
done,  from  the  earliest  periods  of  geological  history.  Some  knowledge 
of  their  mode  of  action  now  is  necessary  aa  a  preliminary  to  the  itodf 
of  their  past  results,  and  they  were  accordingly  described  in  an  esrikr 
portion  of  this  work ;  but  the  geolo^^cal  history  of  the  formation  of  ^ 
emst  of  the  earth  would  be  obviously  inoomjdete  without  some  mentki 
of  them  again  at  the  dose  of  the  story. 

In  like  manner  an  account  of  existing  plants  and  miin^lM^  the  hm 
regulating  their  structure,  their  classification,  their  mutual  relatioiii^ 
and  their  geographical  distribution,  would  form  a  fitting  dose  to  tb 
palsBontological  account  of  the  extinct  species  of  past  times.  Tk 
existing  Flora  and  Fauna  which  inhabit  the  globe  are  the  result  of  ^ 
variation  and  multiplication  of  species  that  have  been  going  on  unm- 
terruptedly  along  with  the  physical  changes  that  have  acted  on  t^ 
cru8t.  No  violent  break  in  the  continuity  of  the  chain  of  descent,  no 
universal  destructiun,  no  sudden  end  to  one  population  and  BimaLtaD^ 
ous  commencement  of  another,  can  be  proved  to  have  ever  happened 
or  even  shown  to  be  probable. 

Life,  to  the  fullest  extent  in  number  of  individuals,  and  to  ^ 
utmost  variety  of  forms  that  circumstances  would  allow,  and  with  tLe 
most  far-seeing  and  omniscient  provisions  for  the  wants  and  necessitis 
of  the  future,  has  evidently  been  the  all-wise  and  all-good  law  of  cro- 
tion,  govemiug  both  animate  and  inanimate  processes  from  the  eadietf 
geological  period  down  to  the  present  time. 


APPENDIX. 


I.  Oir   GEOLOGICAL  SUBVEYING. 

It  has  been  saggested  to  me  that  a  few  worda  on  the  mode  of  setting  to 
irork  to  make  a  geological  examination  of  a  country  would  be  found  usefuL 
Bcin^  provided  with  a  large  and  small  hammer,  a  pocket  clinometer  and  lens, 
and  in  some  cases  a  small  bottle  of  dilute  acid,  the  next  requisite  is  to  get  a 
flood  map  of  the  ground  to  be  examined.  The  scale  of  the  map  should  be 
wise  in  proportion  to  the  minuteness  and  detail  of  the  intended  sunrey.  The 
Ordnance  maps,  on  the  scale  of  six  inches  to  the  mile,  are  usually  lai^  enough 
for  the  most  minute  and  accurate  work,  but  for  any  amateur  work  those  on 
the  scale  of  one  inch  to  the  mile  are  generally  large  enough,  and  their  execu- 
tion is  in  all  the  later  maps  very  good.  In  foreign  countries  maps  on  a  much 
smaller  scale  have  generally  to  be  used,  and  often  very  imperfect  or  inaccurate 
xnapa. 

Supposing  the  observer  to  be  provided  with  the  best  attainable  map,  and 
to  have  unlimited  time  at  his  command,  he  may  first  proceed  to  make  himself 
Acquainted  with  the  geography  of  the  country  by  traversing  it  in  various 
dii«ctions,  viewing  it  from  its  hill-tops,  and  getting  a  thorough  knowledge  of 
its  external  form.  In  doing  this  he  must  note  the  litholoffical  constitution  of 
its  most  prominent  rock  masses,  and  determine  by  the  methods  pointed  out  in 
Chapter  lY.  whether  they  are  stratified  aqueous  rocks,  or  unstratified  igneous 
zocKS,  or  partly  of  one  and  partly  the  other  character. 

He  may  then  commence  his  more  detailed  survey  by  marking  down  on  his 
map  every  exposure  of  rock  on  the  exact  space  it  occupies,  and  colouring  that 
space  with  whatever  tint  he  may  select,  to  denote  the  uthological  or  geological 
character  of  the  rock.  If  his  map  be  not  sufficiently  large  to  admit  of  this,  he 
most  describe  the  rock  in  his  note-book,  with  a  reference  to  the  exact  spot,  as 
accurate  as  he  can  contrive  to  make  it 

If  he  find  nothing  but  igneous  rocks,  he  must  set  himself  to  determine  the 
different  kinds  to  wnich  they  belong,  and  mark  down  on  his  map  the  area 
occupied  by  each.  On  the  Geological  Survey  various  shades  of  carmine,  lake, 
and  scarlet,  are  employed  for  igneous  rocks.  Other  and  contrasting  colours 
are  used  for  the  aqueous  rocks.  Thus  the  Cambrian  and  Silurian  formations 
are  indicated  by  various  shades  of  purple,  the  Oolitic  series  by  yellows,  the 
Cretaceous  by  greens,  the  Tertiariesoy  browns.* 

In  determining  the  areas  occupied  by  each  kind,  the  observer  will  of 
coarse  note  the  relations  of  each  to  the  other,  and  whether  one  be  intmaiye 
into  the  other,  or  what  other  connection  they  may  have. 

*  The  atndent  who  wishes  to  ptmne  this  suliiJeot  for  himself  should  procure  a  copy  of 
the  large  Index  sheet  of  colours  and  signs  published  by  the  Qeological  Survey,  v^c<^  Ia^. 
It  can  be  had  Mt  Mesan.  Stanford,  Charing  Gross,  London  *,  "TY.  v&d.  k.  '^  ^citaa^fi^^SAiSa^'' 
baigb;  Hodgee  and  Smith,  Dublin. 
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In  enmining  stratified  or  tqiieoaa  Tock%  lie  will  in  tlie  fint  place  Bed 
for  Mfme  locili^  where  the  beet  *'  section  **  of  these  can  be  seen,  as  describt^ 
in  Chapter  VIII.  The  sea-coast^  or  the  banks  of  a  river,  or' an  inland  eU4 
will  be  most  likely  to  afford  him  the  best  natural  expoenre  of  the  beds ;  anO 
way  cutting,  or  a  road-side  cnttmg,  or  a  deep  ditch,  or  any  oUier  longitndiBi 
trenching  of  the  (^ond,  will  give  him  the  best  artificial  sections.  Fsffioj 
these,  he  must  Tiait  all  the  quarries  or  pits  of  the  district,  must  inquire  afie 
^1  wells  and  mining  shafts,  and  must  get  the  most  aoeurate  accounts  he  cs 
of  the  nature  of  the  beds  that  were  passed  throofh,  and  of  their  '*lie  aa 
position ; "  that  is  to  say,  the  mj  in  which  each  my  in  the  ground,  and  tb 
depth  and  thickness  of  each,  makms  particular  inqniries  as  to  the  **dip"  c 
the  beds,  or  the  direction  in  which  tney  **  deepened, "  and  the  rate  of  deqa 
ing.  In  some  districts  the  rate  of  deepening  is  reckoned  at  so  many  indies  i 
a  yerd,  or  so  many  feet  or  yards  in  a  hundred  ;  in  others  it  is  stated  as  a  di^ 
of  a  foot  or  a  yard  m  so  many  feet  or  jards.  Geologists  usually  state  the  numlx 
of  degrees  at  which  the  beds  incline  from  a  horisontal  plane.  Table  L  wiUgii 
the  means  of  translating  either  of  these  modes  of  expression  into  any  oin 
others,  it  being  understood  that  the  nearest  whole  nnmbers  axe  tsksn,  aa 
those  figures  only  ^ven  which  will  be  found  useful  in  practioeL 

The  observer  will  mariL  on  his  map  by  a  small  arrow  the  direction  of  tii 
dip,  and  write  the  angle  of  dip  in  ngnres  alongside  the  arrow,  or  he  vi 
enter  the  information  in  hia  note-book,  to  be  transferred  to  a  map  subsequeatl 
if  necessary.  In  any  operation  requiring  greater  exactness,  more  sceurate  iz 
struments  than  a  pocket  clinometer  will  of  course  be  used,  and  the  calcoL 
tions  be  made  accordingly. 

Table  I. 

Shounng  dijereni  modes  of  stating  the  Dip, 

In  this  Table f  only  those  numbers  are  given  which  are  likely  to  he  found t 
ttse  in  practice,  and  that  chiefly  to  the  nearest  whole  number,  otnitting  fraetixm 
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In  highly-inclined  rocks  dipping  in  different  directions,  the  amount  of  dip 
varies  so  frequently  that  minute  accuracy  in  observing  it  is  often  waste  of 
time  ;  but  the  strike  of  the  beds,  and  their  course  across  the  country,  should 
be  carefully  observed. 

When  the  surface  of  the  ground  is  very  uneven,  the  observer  must  recollect 
that  the  strike  of  the  beds  will  not  correspond  with  their  line  of  outcrop  on 
the  map,  or  will  only  correspond  with  it  on  the  great  scale — that  is,  when  the 
leiijgth  to  which  the  bed  may  be  traced  is  ver^  large  compared  with  the  undu- 
lation of  the  surface.  When  the  angle  of  dip  is  low,  a  comparatively  small 
i&ndulation  of  the  ground  will  of  course  cause  the  outcrop  of  a  bed  to  deviate 
widely  from  the  line  of  its  strike  ;  and,  on  the  other  hand,  a  slight  change  in 
the  smke,  or  in  the  amount  of  the  dip  of  a  bed,  will  produce  a  much  greater 
effect  than  when  the  inclination  of  the  dip  is  a  high  one. 

The  observer  must  endeavour  to  keep  in  his  mind  the  ascertained  thick- 
iieaB  of  the  group  of  rocks  he  is  tracing,  and  all  their  possible  changes  in  dip 
and  strike,  and  the  consequent  relations  of  these  to  the  different  features  of 
the  flurface,  so  as  to  euard  nimself  against  being  deceived  or  led  astray.  He 
must  also  not  suare  his  own  labour,  but  search  dili^ntly  every  square  vard  of 
sround  on  which  there  is  any  possibility  of  rock  being  exposed,  so  that  he  may 
be  sure  of  being  acquainted  with  every  observable  fact  before  he  draws  his 
conclusions.  If  time  or  the  means  at  his  disposal  do  not  allow  of  his  survey 
being  thus  exhaustive,  he  must  always  entertain  a  certain  amount  of  diffidence 
on  the  conclusions  he  arrives  at,  and  hold  them  open  to  future  correction. 

If  he  find  in  tracing  stratified  rock  that  the  appearances  are  such  as  to 
render  probable  the  existence  of  a  fault  or  dislocation,  he  must  be  particularly 
pn  his  guard  against  allowing  his  mind  to  jump  to  the  conclusion  that  it 
exists,  before  he  has  put  that  existence  beyond  doubt.  Faults  or  dislocations 
are  doubtless  much  more  numerous  than  we  are  aware  of,  but  for  that  very 
reason  great  care  should  be  taken  not  to  introduce  them  on  geological 
maps,  except  in  the  precise  situations  and  with  the  precise  directions  which 
they  really  hold.  I  speak  in  this  matter  from  personal  experience,  and  with 
an  ample  measure  of  remorse  for  my  own  sins  in  this  matter.  It  is  the  error 
into  wnich  many  geologists  most  easily  fall,  and  which  they  ought  to  be  most 
warned  against  for  the  future.  Most  especially  should  the  greatest  caution  be 
exercised  Defore  the  first  dislocation  is  laid  down  in  a  district.  If  one  line  of 
fault  be  proved  beyond  all  question  to  exist,  others  must  almost  necessarily  be 
present,  either  parallel  to  it,  or  more  or  less  nearly  at  right  angles  to  it.  Before 
one  fault  then  be  laid  down,  the  observer  should  require  an  amount  of  evidence 
which  can  allow  of  no  other  possible  solution  than  the  fact  of  a  dislocation  ; 
but  having  proved  that,  and  having  accurately  determined  its  direction,  a 
much  less  amount  of  evidence  mav  be  reasonably  admitted  for  the  existence  of 
the  corresponding  dislocations.  Even  when,  in  making  observations  in  mining 
districts,  he  is  assured  of  the  existence  of  a  fault  by  the  miners  themselves,  the 
observer  must  be  on  his  guard,  and  carefully  ascertain  that  by  a  "  fault"  the 
miners  mean  really  a  ''dislocation,"  and  that  their  statements  as  to  its 
*'  throw"  or  its  *'  width"  are  such  as  he  clearly  understands,  and  are  correctly 
stated  by  the  men  themselves. 

Keeping  these  precautions  in  his  mind,  the  observer  may,  from  detached 
observations,  lay  down  on  his  map  the  boundary  line  between  two  different 
sets  of  beds  with  more  or  less  accuracy,  according  to  the  number  of  his 
"data,"  or,  in  other  words,  the  number  of  places  in  which  the  rocks  are 
clearly  exposed.  By  drawing  the  upper  and  lower  boundary  of  a  set  of  beds, 
and  observing  their  average  inclination,  it  is  obvious  that  he  can  calculate 
their  thickness ;  and  by  doing  this  for  the  outcrop  of  sey^ral  «fiX&  cjl  Xa^^V^ 
can  determine  approximately  the  depth  at  which  tlie  \oN«^'t  a^X  V'^X^^^'Q^^ 
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under  anr  giTen  ipot  of  the  iipper.  For  this  purpose  he  nnut  onme  tl 
mrface  of  the  ffroond  to  be  a  pume,  and  then,  if  nrrriefj,  meesoze  ite  ud 
lationa,  and  allow  for  any  departure  firom  the  tme  plane.  The  thicfafeM 
the  bed*  whoee  outcrop  has  been  traced,  or  the  depth  attained  in  a  giv 
horizontal  distance  by  any  one  of  them,  may  be  leamt  either  by  protiaeti 
and  measnrement,  or  by  calculation. 

In  yein-mining  the  '*  underlie"  is  reckoned  firom  the  peipendiciilar  i 
not  from  the  horizontal,  and  the  distances  osed  are  fathoms,  bat  the  indui 
a  yard  column  can  be  used  to  ascertain  the  angle  from  the  horizontil, ' 
merely  halying  the  quantities  given  for  the  fathom,  and  taking  the  coni^ 
ment  of  the  angle.  Tor  example  : — ^A  lode  nnderlving  S  ftTtfin.  a  &tki 
or  42  inches  in  6  feet=21  inches  in  1  jrard,  has  an  an^  of  90%  the  eomp 
ment  of  which  is  60%  which  is  the  mdination  of  the  Tein  from  the  ha 
zontaL 

The  following  table  will  save  trouble  in  most  instances ;  the  thicka 
measured  at  right  anf^les  to  the  dip,  and  the  deptii  measurod  at  right  ingia 
the  horizon,  bSng  given  for  every  degree  up  to  20%  and  for  every?  ifi 
that,  in  a  distance  of  100  (feet,  yards,  etc),  measured  horizontally  dind 
across  the  strike  of  the  beds  :— 

TABLE  II. 
Depth  and  Thidnuss  TahU, 
Horizontal  distance  =  100.* 


Angle  of  Dip. 

Dopth. 

Thickness. 

Angle  of  Dip.            Drpth. 

Thk*ta»» 

r 

2* 
8' 

4** 
6» 

1-7 
8-5 
6-3 
7  0 
8-8 

1-7 

8-5 
6-3 
7  0 
8-7 

18** 
19° 
20° 

31-8 
84-5 
86-6 

30-9 
84-2 

25° 
80° 
85° 
40° 
45° 

46-9 
68-0 
70-5 
84-2 
100-0 

42-3 

7^ 

8" 

9** 

10° 

10-6 
12-3 
141 
160 

•  •  • 

10-5 
12-2 
13-9 
15-6 
17-4 

50-^ 
57-4 
65-6 
70-7 

60° 
65° 
60° 
65° 
70° 

1190 
148  0 
174-0 
2140 
276  0 

IV 
12" 
IS** 

15° 

19-5 
21-4 
23-2 
25-2 
26-9 

191 
20-8 
22-6 
24-2 
25-9 

8H 
86-« 
90-6 
94*0 

75° 

80° 
86° 

368-0 

675  0 

1148-0 

97-0 
98-0 
990 

16" 

28-7 
80-7 

27-6 
29-2 

As  this  table  is   one  giving  the  solution  of  a  right-angled  trinngle  ft 
each  angle  specified,  it  may  be  used  to  find  any  dimension  which  can  be  state 

•  It  \»  aoTncUrcvw  taoTti  co^n^tCv^xA  Vi  ^^tsAlder  the  horixonUl  distance  1000,  wh^n  U 
dec\m&V  poVivl  \ti  VYit  \*.\A«)  ^\Mcev«»x%.  wA  \»mi  Tsoss^Mn:^  ^'*^Xk.\#Me«i«^^  17  35  53  etc  il 
Stead.  otV-,V?).b^eVxi.  .      .     .       . 
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i  the  form  of  ft  riffht-angled  triangle,  as  for  calculating  the  space  between  the 
atcrop  of  two  heds  of  which  the  angle  of  dip  is  known,  and  the  thickness 
etween  them  ;  Uie  distance  which  any  bed,  oi  which  the  depth  and  inclina- 
on  are  known,  will  require  before  its  outcrop  at  the  surface  can  occur  ;  and 
>  on. 

By  means  of  this  table,  also,  the  probable  **  throw  "  of  faults  can  be  ascer- 
lined,  where  the  broken  ends  of  a  oed  on  opposite  sides  of  a  fault  can  be 
rand,  and  a  certain  mean  angle  of  dip  assigned  to  the  whole  mass.    If,  for 
istance,  there  be  a  set  of  beds,  including  one  particular  bed  ABC,  which 
re  trayersed  by  a  fatdt  FF  either  at  right  angles  to  their  strike,  or  obliquely, 
I  dbrawn  in  the  Fig.,  and  the  mean 
ip  of  the  beds  be  30°,  and  the  out- 
rope  of  the  broken  bed  A  B  C  be 
>imd  on  opposite  sides  of  the  fault 
1  such  a  position  that  the  strike  of 
be  piece  B  C  which  is  "upthrown," 
irhen  produced  if  the  fault  be  oblique 
0  as  to  be  measured  at  right  angles 
0  A  B),  be  found  to  be  150  yards  (or 
ny  other  distance)  apart  from  the 
trike  of  the  "  downthrown  "  piece  ; 
hen,  as  the  table  will  give  us  the 
epth  which  the  downcast  piece  has 
ttained  at  the  distance  of  150  yards,  Fig.  167. 

nd  the  depth  accordingly  which  it  Ground-plan  of  a  fault,  to  lUustrate  calcula- 
las  on  one  side  of  the  fault,  while  the  tion  of  throw  of  fault  by  table, 

ipthrown  piece  crops  out  exactly  on 

ne  other  side  of  the  fault,  that  depth  is  of  course  the  "  throw  **  of  the  fault, 
f  it  be  100  yards,  then,  with  a  dip  of  80**,  the  table  shows  a  depth  of  58  yards, 
rhich  is  the  amount  of  the  downthrow  ;  if  150  yards,  it  will  of  course  be 
;8+ V  (or  29)  =  87  ;  if  200  yards,  it  will  be  116,  and  so  on;  and  if  the  dip 
lad  "b^en  12%  and  the  horizontal  distance  100  yards,  then  the  throw  would 
te  21*4  yards  ;  if  1000  yards,  the  throw  would  be  214  yards,  and  so  on.  The 
able  is  indeed  of  continual  use  to  the  practical  geologist,  in  checking  his  pre- 
onceptions  as  to  depth  and  thickness,  amount  of  dislocations,  etc.  etc  etc.* 

Construction  of  Sections. — The  formation  of  a  geological  map,  by  joining 
ogether  the  separate  appearances  of  the  outcrop  of  beds  at  the  surface,  is  only 
.  part  of  the  work  necessary  to  convey  a  knowledge  of  the  geological  structure 
f  a  country.  This  map  may  often  be  taken  as  a  horizontal  section  of  the  dis- 
rict,  formed  by  cutting  it  by  a  horizontal  plane  at  a  certain  level,  and  remov- 
Dg  aU  the  matters  above  that  plane.  In  order  fully  to  understand,  however, 
he  '*  lie  and  position  "  of  the  rocks,  it  is  necessary  to  have  a  vertical  longi- 
udinal  section  which  shall  show  the  direction  and  amount  of  their  inclination 
»eneath  the  horizontal  plane,  and  the  depth  attained  by  any  particular  bed 
inder  any  spot  at  a  given  distance  from  its  outcrop.  For  this  purpose  a  hori- 
x>ntal  datum-line  is  assumed,  which  is  generally  the  level  of  the  sea,  and  a 
ine  of  country  is  selected  for  the  section,  which  is  generally  taken  at  right 
LDgles  to  the  strike  of  the  beds.  The  undulations  of  the  ground  along  the 
elected  line  are  then  marked  in,  so  as  to  give  the  proper  heights  for  the  aiffer- 
tntt points  above  the  assumed  datum-line.     If  tne  at^e  S>t  horizontal  and 

*  Messrs.  Trougbton  and  Simma  of  Fleet  Street,  London,  bave  prepared,  at  my  suggee- 
ion,  a  little  ivory  protractor,  on  wbicbtbie  Table  and  part  of  Table  I.  are  engraved,  tofptber 
rith  tbe  scales  of  tbe  >ix-incb  and  one-incb  maps,  wbicb  the  o\»i«rr«t  iiV)!  tsA'^«n  '^QM^^!^ 
o  bare  la  )Um  notebook  or  map-ease.    Its  price  is  lOt. 


eroond,  wo  must  then  inaert  in  their  propt 
bi'ds  uiil  ri>nniitiun>i,  or  m&ssM  of  igneous 
ou  the  map  or  in  the  obiiervBtioiia  in  the  i 
proper  au)(lG  if  thr  ecttinn  Iv  un  the  oatm 
it  tie  dUtnrted.  Tliis  t-alculntion  csn  rosil; 
tAining  oliBt  depth  anr  boil.  etc..  nould  m 
•t  the  no)  angle,  anil  drawing  them  so  aa  t( 
diitanec  in  the  distorted  BeelioD. 

"When  >  BM'tiijn  ii  inaile  across  a  greatl) 
■Imoat  of  Dvcessity  he  dravn,  not  direotlv  a 
their  diii,  but  more  or  lew  oUi<inelv  to  it. 
■voidiiblj  nin  along  the  strike  of  the  beds 
will  of  coulM  appear  to  be  horizontal  in  ' 
will  (lip  eillipr  directly  from  or  direelly  toi 
fore  incline  neitlivr  to  his  right  nor  to  Ilia  I 
directly  aeroM  the  atrikc,  it  will  of  course 
If  it  go  obliquely  across  the  strike,  then  it  ^ 
mediste  angle  between  the  horizontal  line 
tjon  of  the  prnper  eormitian  to  he  made  for 
is  rather  troahlesonic,  and  as  in  some  instai 
given  correctly,  not  on]y  for  the  purpow  of 
alio  for  dnwiug  the  trne  angle  of  linea 
clearage  planes,  the  following  table  (Table 
one  which  I  eonstracted  for  my  own  usewhe 
bat  the  nearest  whole  numbera  are  only  st 
dip  and  obliquity  omitted,  aa  neither  they  z 
tiallr  tueful. 

The  angles  stated  in  the  lirat  column 
the  line  of  section  and  that  of  the  dip  of  tl 
or  other  inclined  line  that  is  to  be  inserted 
be  eorreetiv  made  (in  a  section  oD  the  nati 
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le  ^int,  BO  as  to  Hliift  tlie 

ip  m  the  BiM;tii)ti  will  ImvB 

change  has  taken  pliic< 

ss  that  ground  in  a  direction  frnm  V 
B,  to  K  6°  N.  up  to  a  certain  point,  the  spectator  being  supposed  to  be  look- 
isg  towattia  the  north,  the  angle  between  that  section  and  the  dip  of  the 


le  chanBfd  at  that  point,  and  It  be  continued  on  a  linr  from 
W.  6°  N.  to  E.  5°  S.,  Uie  direction  of  tbe  dip  of  the  cleavage  planes  must  of 
contK  be  altered,  and  the7  muxt  be  drawn  ax  if  dipping  at  21]°  to  the  west,  or 
towards  the  speFtator's  lefl:  hnnd.  It  is  obvious  that  this  would  be  their 
appoTance  if  two  real  cliifs  were  to  be  formed  mnning  in  the  directions 
ftboTB  DHoied,  and  meeting  in  a  corner  at  an  angle  of  171)°.  The  clearage 
planes  irould  go  straight  across  from  the  one  to  the  other,  and  would  rise 
from  the  base  towards  the  summit  of  the  cliff  on  eitber  hand  of  tho  spectstor, 
or  dip  from  the  smnmit  towards  the  foot  of  the  cliff  on  each  side  of  the  spec- 
tator, as  he  looked  northwards  towards  the  junction  of  the  tiro  cliffs- 
It  must  be  recollected  that  if  the  section  be  not  drawn  on  a  nstiiral  scale, 
but  on  two  acalea  differing  in  height  and  length,  the  dip  must  fttst  be  dr»nL 
So 


4 

teribedTntl 


■HMt  W  w— ttrei  uid  Ui«  I>ci>pci  Rwmolian  apidied  to  it  if  Ik  b 
th»  W  ■Uiqac  to  it.    Thii,  ^scrvr.  will  nut  oAcb  be  nqciicl  i 

Om  OTOt  toi  be  goudcd  K^uiHt  tn  connraetiag  MdisM  i>  tb«  f« 
t^l  all  Itw  iBUmwdiaU  laena  of  p 


wkn  tlut  Mltcmiia  of  th«  bed*  m  tn  be  ana,  ars  otJmi|iad  tv  M 

n>r  h*|fEa  UU  th«  ontfTop  of  twdi  is  naiUa  only  u  tkoa  fht 
tKqr  BE  Mora  hi^ilT  iwdiiMd  Ikas  ORuL     It  Maj  era  ba  Ac  tai 


4  parts  dip  ia  aDOlbs  dinetio*.     V(!*j  amama  emn  kart  ii 
_.,- lata  nanT  aMtiaaB  pnUiaha*  "^      _       .-. 
OM  that  alwolA  be  ■tnuuiDil;  gi 


•  pnbliahrt  br  erca  hi^  aatbori^. 

.  ..  _  taaaatij  gaia'aei  aaaitul,  '-  -•'  ' 

Ham  UMT  jmbluliB}  ly  the  G«alag>cal  ^imej 


b«l*  iwfH  iiJ  on  tlwn  which  are  nnainl^  knoira  to  exiat,  Uw  vtit 
neoi  bd^  kfl  Uuk,  and  h  ^  ■•  {K>a«U«  oanttted  in  th*  oilal 

Tk  (tndeat  ma;  be  oftn  at  a  tflst  to  find  thm  real  be^bu  at  H 

UtastlMI  MMat  OTBT,  a*  krdli^iaa  tnvUeaoaac  ar' ' 

•fwnUaa.    The  AM(«d  Buvnutd  «31  attm  aaaict  h . 

hi;;!i«t  sn'l  lowest  jiiiiits  ■■f  liis  sflinn  urith  omjarativp  ficilin, 
trrr,  thii  U'  unsltaiQaWp,  he  wiil  alnm*!  iiwiTs  I,-  iHc  to  le*ni  tl 
of  Bomt  of  lh«  canals,  nilwajr^  or  mm^K  or  the  hei|^I  of  tame  tirn 
abject  in  his  Dci^lonirfaood.  from  whicti  the  altitude  of  othrr  poinl 
otimstaj  with  rafficioit  ictvTKj  tui  his  pur|>09«.  If  b«  ouiw  gtl  ll 
of  «nj  point  in  iW  main  tivfr  of  a  lUstticI,  he  will  know  thii  m 
gTDUiTd  from  which  the  vatu  floire  tovuiU  that  piiist  can  be  at  ■  la 
Uias  it,  and  will  thos  gel  a  limit  in  that  directioD  for  the  depth  ef  1 
Utians.  while  tbe  altitDd«  uf  the  highost  hill  in  his  diatiict  will  gi 
limit  in  tlu'  other  direction,  and  bv  cooetanlly  rvfirntig  to  theae  ta 
gmenltj'  be  able  to  conatTuct  a  grojo^fal  Btrtioii  with  stUScitot  a|f 
aeatn(7  fcg  Mdiiuuy  mrpoefs.  An  error  of  twenty  or  thirtr  ft«*  i 
no  nal  inportanoe  to  aim,  when  be  recollorts  that  in  his  arc tion  it  i* 
indvded  in  the  )H«adtb  of  a  pencil  line. 

Sartiaia  foi  piaetical  operaliona,  snob  as  minioff  or  ensineeriii^  n 
cam  where  important  foBclosioQt  are  lo  be  drawn  troja  tbe  relative  t 
Hitieolar  pointi,  are  of  coorae  to  be  tnattil  on  qoite  diflimmi  piiticij 
thoae  gtologiea]  sectioiii  whieb  ate  often  onlfdiagrumoalic  rnnaenl 
the  p'nenl  farts  as  to  the  superposition  of  f7\)ups  of  beds. 
onl;  their  arera^  thibtaiMt  ec  to  point  out  ihtix  moda  of 
the  RU&ce. 
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n.  8YKOF8ES  OF  THE  ANIMAL  AND  VEGETABLE 

KINGDOMS. 


KINGDOM  ANIMALIA.* 


BUB-KINaDOM  VSBTEBBATA. 

PROVINCE  I.— MAMMALIA. 

Class  I.— Mammalia. 
BubolasB  I.— Monodelphia. 


91 
» 
99 
»f 
f  9 


99 
f9 
99 
99 
99 


Order  1.  PRIMATES 

2.  CHEIROPTERA 
8.  INSECTIVORA 

4.  RODENTIA      . 

5.  HYRACOIDEA 

6.  UNGULATA 

1.  Abtiodacttla 
ATioplothtriuin, 

2.  Perissodacttla 

7.  TOXODONTIA 

8.  SIRENIA 

9.  PROBOSCIDEA 

10.  CARNIVORA    . 

11.  CETACEA 


„    12.  EDENTATA 


Man,  Apes,  Lemurs. 

Flying  Foxes,  Vampires. 

Hedgehog,  Shrew,  Mole,  Galeopithecns. 

Rat,  Hare,  SquirreL 

Hyrax. 

Pig,  Hippopotamus,  Camel,  Deer,  Ox, 

Horse,  Rhinoceros,  Tapir,  Palccotherium. 
ToxodoTu 

Manatee,  Dugong,  ffalWierium. 
Elephant,  Mastodon, 
Lion,  Dog,  Bear,  SeaL 
Whale,  Porpoise,  Zeuglodon, 
Sloth,    Ant-eater,    Armadillo,    Afega- 
therium. 


BubolEM  U.— Didelphis. 
„    18.  MARSUPIALIA        .        .    Kangaroo,  Opossum. 

SubolasB  IIL— Omithodalphis. 
„    14.  MONOTREMATA     .        .     Echidna,  Omithorhynchus. 


PROVINCE  IL— SAUROPSIDA. 
Class  I.— Aves. 


Order  1.  SAURURjE 
2.  RATITJS  . 


99 


99 


8.  CARINATiE 


.    ArehoBopteryx, 

Apteryx,  JXnomis,  ostrich. 

I  Penguin,  Gull,  Fowl,  Pigeon,  Sparrow, 
Eagle,  Parrot,  Duck,  Cormorant 


*  ThiB  •cheme  of  the  Animal  Kingdom,  originally  drawn  ap  for  thii  work  by  ProfaMor 
Hozley,  baa  been  reylMd  by  him  for  the  present  ediUou.   Tbe  iiixam  ^  ^SUMb  qc^ma  vJl. 
ganum  wbieh  an  miUnlj  eztinet  are  printed  in  Itsllca. 


^^^^^^^^^1 

m 

^.     -« 

' 

Claw  XL— BeptLUa. 

Oriw  1.  OBSITBOSCELWA         }     ^„,^  ^ 

"      8.  DICTNQDOXTIA  .        .     Dicy>u)de^O>,'hn«d,^ 

;; 

SuboluB  m.— PleuroBpoodylia- 

„ 

8,  CHELONU     .        .         .     Tortoise,  Turtle 

^ 

i      " 

9.  ICBTH70HAUIUA        .     !cm>joMiuTUi. 

PEOTINCE  in.— ICHTHTOPSIDA. 
Cimaa  Z.— Amphiblk 
Older  1.  SATTBOBATRACHIA       .     ProUos,  SsUmander. 

2.  LABYRINTHODONTA     ATi*tgBnKru$,  MiutadoMaar\u< 
"      8.  oyMNOPHIONA   .        .     CorciUm. 
;,     4.  BATBACHIA .       .       .    Frog,  To»d. 
Class  n.-PiBoeB. 

Lepidoateus,  Sturgeon,  iqiHWi 


Order  1.  DIPNOI  . 
„     2.  OANOIDEI 

■\.  TELEOSTEI     . 
,.  ELASMOBRANCHH 


*.  ELA8M0BRANCH11        .     onarns,  mj».  hu 
6.  MARSIPOBRANCHII      .     Lamprey,  H»g. 
6.  PHAEYNGOBBANCHIl      Amphioiua. 


BTJB-EIHQDOU  AKNUI.08A. 

PROVINCE  L— ARTHROPODA. 

ClosB  I -Insaota. 

Order  1.  HYMENOPTERA 
„     2.  COLEOPTERA 
„    "3.  KEUROPTEBA 
„      4.  STREFSIPTEBA 


6.  LEPIDOPTERA 

6.  DIPTERA 

7.  ORTHOPTERA 
S.  HEMIPTERA  . 
9.  APTERA. 


Saw-fly,  ichneumon,  bee. 
Beetles. 

Dntgon-By.  white  ant. 
Sty  lops. 

Butterfly,  moth. 
House-fly- 
Cricket,  locuat,  earwig. 
Bog,  cicada,  aphis. 
Fie*.      .. 
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Class  II.— Myriapodcu 


Older  1.  CHILOPODA   . 
2.  CHILOGNATHA 


$9 


Centipede. 
Millipede. 


Class  III«— Araolmida. 


Order  1.  ARTHROGASTRA 
2.  ARANEINA     . 
8.  ACARINA 
4.  PYCNOGONIDA 
6.  ARCTISCA 
6.  PENTASTOMIDA 


>t 


f» 


Scorpion. 

Spiders. 

Mites  and  ticks. 

Pycnogonom. 

Water-bears. 

Lingoatula. 


Class  IV.— Crustacea. 


Order  1.  PODOPHTHALMIA 
2.  BRANCHIOPODA  . 
8.  OSTRACODA    . 

4.  PECTOSTRACA 

5.  STOMAPODA  . 

6.  EDRIOPHTHALMIA 

7.  MEROSTOMATA     . 

8.  TRTLOBITA   . 

9.  COPEPODA     . 


t» 
»t 

ft 


Lobster,  crab. 

Daphnia,  apus. 

Cythere,  cypris. 

Barnacles,  acomshells,  Rhizocephala. 

Squilla. 

Isopods,  amphipods,  leemodipods. 

King-crab,  Euiypterua, 

Trilobites, 

Cyclops,  argolus,  lemoea. 


Order  1.  CHCETOPHGRA 
2.  DISCOPHORA 


>» 


PROVINCE  n.— ANNULATA. 

Class  v.— Annelida. 

(  Nereis,  serpula,  lob-worm,   Echinms, 
Sii 
Leecl 


'  \     Siponculus,  earth-worm, 
en. 


Order  1.  SAGITTIDA 


Class  VL-ClMBtognatha, 

Sagitta. 


PROVINCE  IIL— ANNULOIDA. 
Class  VL— Sooleoida* 


Order  1.  TREMATODA . 
2.  TiENIADA       . 
8.  ACANTHOCEPHALA 
4.  NEMATOIDEA 
6.  TURBELLARIA       . 
6.  ROTIFERA      . 


»i 


»» 
*» 


»f 


>» 


Fluke. 

Tape-worm. 

Ecninorhynchos. 

Thread-worm,  hair>worm. 

Planaria. 

Rotifer,  brachionus,  lacinnlaria. 


Class  VIL— Bohinodermata. 


Order  1.  HOLOTHURIDEA 
„     2.  ECHINIDEA   . 
8.  OPHIURIDEA 
4.  ASTERIDEA    . 


»» 


tt 


Sea-encumbers,  trepang. 
Sea-urchins. 
Sand-stars. 
Star-fish. 


Orders.  CBIKOTDEA  . 
„  «.  BLASTOWEA 
„  7.  CTSTWBA  . 
..    S.  SDEIOASTERWA. 


8UB-KISOCOM  MOXXUSCA. 

FROrrSCE  I,— ODONTOPHOBA- 

Clasa  I.— C«p1iAlopoda. 


K    %  TEnUBKAKCHUTA 


Class  III^PtiImo-a«st«ropodn. 


Claaa  IV.-Brtuichio-aastAropod&. 

Onlcrl.  tPECnSTBRASCHlATA  Whelk,  periwintle. 

„     a  SCCTIBRANCHIATA      .  Haiiotis  (e»x-shell». 

.,     a.  TITBIJLIBRAKCHIATA.  Vtrmenu. 

„     I.  CYCLOBEANCHIATA    ,  Limprt,  chiton. 

..     B.  NrDIBRAKCHIATA       .  Doris. 

,.     6.  TECTIBRASCHIATA      .  Aplras. 

..     7.  INFEROBRAXCniATA  .  Dii.^jllia. 


PRO\TNCE  n.— LAilELLIBBAXCHlATA 
Clan  v.— IriunellibrKaohi&ta. 

!No  good  oideis  Iut«  jrt  \xta  tSUbliibti.  \  Oyiter 
neither  DiraTUU  and  iloafmyuiM,t  oar  {  nnio, 
PIftnrooaDths  ud  Onhoconchs,  being  good  I  uid  al 
lulnnl  divisiuDS.  )    binlr 

T  »  lllTl^■b  Id  be  Hid  tat  Ite 
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PROVINCE  in.— MOLLUSCOIDA. 


Class  VL— Brachlopoda. 

Order  1.  BRACHIOPODA  ARTICULATA  .     TeTebntvLh^'lepUma^spirifera, 

producta. 
„     2.  BRACK.  INARTICULATA  .        .     Lingula,  orbicula,  crania. 

Class  VIL— Polyzoa. 


Order  1.  CHEILOSTOMATA 
„     2.  CTENOSTOMATA 
„     3.  CYCLOSTOMATA 
„     4.  LOPHOPHEA       . 
„     5.  PEDICELLINIDA 


Fliistra,  eschara. 

Bowerbankia. 

Tubulipora. 

Plumatella. 

Pedicellina. 


Class  Vm.  -Ascidioida. 


Order  1.  BRANCHIALIA  . 
2.  ABDOMINALIA 
8.  LARVALIA 


♦f 


»f 


Cynthia,  ascidia. 
Clavellina,  aplidium. 
Appendicularia. 


SUB-KINaDOM    C(EI<ENTSBATA. 


Class  L— Actinozoa. 


Order  1.  CTENOPHORA 
2.  CORALLIGENA 


)> 


Cydippe,  cestum. 
Alcyonium,   pennatula,   tnbi- 

pora,  cycUhophyllumf  actinia, 

madrepora,  astraea. 


Class  IL— Hydrozoa. 


Order  1.  HYDROPHORA 

2.  SIPHONOPHORA 

3.  DISCOPHORA 


f» 


»» 


.     Hydra,  coryne,  tnbularia,  sertularia. 

.     Di^hyes,  physalia,  velella. 

.     Rhizostoma,  cyanoea,  Incemaria,  beroe. 


SUB-EIXaDOM  FBOTOZOA. 
PROVINCE  L-^-STOMATODA. 

Class  I.— Infiisoria. 

Paramcecium,  vorticella,  noctiluca. 

PROVINCE  n.— ASTOMATA. 

Class  I.— Spongida. 

Spongilla,  halichondria,  tethya. 
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OUm  XL—Badlolaaeia. 

Tht1wriwilli»  MutfaoaMtn,  and  oCiiflr  "F^ycbtbiiL' 


AmoBbti  gromia,  ntalia,  mmimiditm,  miliol^  and  otker  **Wanimsa&n, 


Sab-KtBgdoim  I.  FhaiMrogamift  (nedi  oontaiiiiiig  an  EmViyo). 
OUm  I.  IHootgrtodoBM  (two  ootyledona)  or  Szosvum  (oatwardgrowii 
8UB4ILA88  I.  ANOIOSPEBM&S  (seeds  in  a  Taasel). 

GROUP  /.  THALAMIFLORjE  (petals  distinct,  stamens  on  toms). 

ExnmpUa, — BattercQm  Berberry,  Water-lily,  Cabbage,  Turnip,  Chickire 
Foppy,  Violet,  Mallow,  Lime,  Tea,  Orange^  Maple,  Mahogany,  Vi 
Geranium,  Flax,  Balsam,  Rne. 

GROUP  IL  CALYCIFWRM  (petab  distinct,  stamens  attached  to  calf 

ExampUs. — Bnckthom,  Cashew-nut,  Pea  and  Bean,  Acacia,  Rose,  Raspba 
Strawberry,  Plum,  Apple,  Pear,  Cherry,  Almond,  Peach,  Mangrc 
Myrtle,  Cucumber,  Passion-flower,  House-leek,  Cactus,  Gooseoei 
Currant,  Saxifrage,  Carrot,  Parsley,  Celery,  Hemlock,  Ivy. 

GROUP  in.  COROLUFLORJE  (petals  United,  bearing  the  stamens). 

ExampUs, — Mistletoe,  Honeysuckle,  Elder,  Cinchona  or  Jesuit's  Bark,  C<^ 
Artichoke,  Thistle,  Chicory,  Lettuce,  Harebell,  Heath,  Rhododendr 
Cranberry,  Ebony,  Holly,  Jessamine,  Oliye,  Ash,  Gentian,  Strrcho 
Conyolymus,  Belladonna,  Tobacco,  Potato,  Henbane,  Capsicum,  H 
lein,t  Foxgloye,  Mint,  Sage,  Primrose. 

GROUP  IV,  MONOCHLAMYDEX  (corolla  wanting,  simple  perianth). 

ExampU$, — Spiuage,  Beet,  Buckwheat,  Rhubarb,  Laurel,  Cinnamon,  K 
meg,  Banksia,  Sandalwood,  Pitcher-plant,  Rafflesia,  Aristolochia,  Net 
Fig,  Mulberry,  Breadfruit^  Pepper,  Willow,  Casuarina,  Birch,  Pla 
Hazelnut,  Chestnut,  Oak,  Beecn,  Walnut. 


*  The  following  sketch  of  the  Vegetable  Kiogdom  wu  ccHnmonicated  to  me  bj 
lamented  fMend  Dr.  W.  H.  Harrey,  the  year  before  he  died,  for  publication  in  this  edit 
of  the  Stadent'e  Manual— J.  B.  J. 

t  Thi»  plant  hu  an  intense  iM>wer  of  spreading  over  iww  lands— c^.,  in  America,  vb 
it  does  w:i  grow  wild. 
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SUB-CLASS  IL  OYMNOSPERICEJE  (seeds  naked). 
'xampl^s.— 'Fir,  Spruce,  Larch,  Pine,  Cypress,  Juniper,  Cedar,  Yew,  Cycas, 
Zamia,  Welwitschia.* 

Class  H.   Monoootyledones  (one  cotyledon)  or  Bndoffenes   (inward 

growing). 

GROUP  I.  PETALOIDEJS  (usually  a  perianth). 

mmples. — ^Yam,  Orchis,  Ginger,  Arrow-root,  Banana,  Iris,  Daffodil,  Aloe, 
Pine-apple,  Lily,  Onion,  Crocus,  Rush,  Palm,  Pandanus  or  Sorew-pine, 
Arum. 

GROUP  IT.  GLUMACKJB  (having  a  scaly  sheath). 
mmpUs.—  Sedgd,  Reed,  Papyrus,  Grass,  Com,  Sugarn^ne,  Bamboo. 

ub-Kingdom  H.  Cryptogamia  (spores  not  containing  an  Embryo). 
Class  L  Aorogens  (summit-growing). 

SUBCLASS  L  FIUCALES  (Fem-sort). 

mmpUs. — Fern,  Adder's-tongue,  Horsetail,  Pepper- wort,  Club-moss,  "  Nar- 
doo*'f  (Marsilea). 

SUB-CLASS  II.  MUSCALES  (MoSS-SOrt). 

tampUs. — Moss,  Liverwort 

SUB-CLASS  IIL  CHABACEALBS  (Chara-SOrt). 
mmple. — Chara. 

Class  H.  Thallogens  (no  distinct  axis).$ 

SUBCLASS  L  HYCETALES  (FungUS-SOrt). 

camples. — Lichen,  Fungus.  § 

SUB-CLASS  IL  ALOALES  (seaweed-sort). 
samples. — Fucus,  Laminaria,  Conferva,  Diatomaceae. 


*  Welwitftchia  it  the  most  wonderftil  of  all  ligneoni  vegetables.— ^oto  fry  Dr,  Aarvty. 

t  Eaten  by  blacks  in  Australia ;  Burke  and  Wills  starved  on  it. 

I  That  is  the  idea  of  the  group,  but  it  is  not  oonftrud  to  it,  nor  univtrtal  in  it.    In  Mono* 

yledonea  we  have  Semna  (duchwud\  a  flower-bearing  tballogen,  and  many  of  the  Liver* 

rts  in  Muscales  are  thallogenous.— ^o(e  by  Dr.  Harvey. 

I  It  is  a  moot-point  whether  Lichen  and  Fungus  ought  to  be  associated.     Lichens  are 

«r.  Fungi  are  always  parasitic.     (Tree-growing  Lichens  are  only  epiphyUs.)    Still,  by 

ny  botanists,  they  are  associated.— ^o(e  by  Dr.  Harvey. 
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nZ.  KB.  JTTSIK'S  VIEWS  OK  DKTOKIAH  ROCD 

MiUd  cnvBrtiM  af  Ac  pohntal  M»ct«re  of  tke  Mah  of  Itdnd.  W 
Ih   «i   IT      to  tW  neb  «f  DtTOBAii^  ta  vincil  tfae  mbt  of  Dri« 
StTwivitk  atvgEsaal  mnUntr  <f  cbuwtcr  m  ll 
'  -  ^— Skce,  W  ivooBeM  ta  eaauM   "  "   " 


^■TllhBil  M 


c  M%lte  low  ncraon  M 

l,Bpda  >)MMtf  (Od  KodS 

fint  iB  vMi  •«  tW  EnlMMtUM  af  tke  fihoEKB  of  the  Oolwial  Sana 
h^mi.  jn^y^  to  tk  jw  ISaS.  In  th>t  7«v  he  o—emalrf  ti 
BayriGBrfMfcealSaAtyBf  Inluid  m«mi  "XoHm  faraeaauuiMfttm 
tken^  aTthe  logdi-vwl  i<  InlHi  Hid  Omm  of  Xwth  Dma,  id 
MhMi*  P»MM.  ia  ae  ■li^tiwhagil  rf  CottUma.'  S«xt»c«bi 
WkM  A>  OediVad  8tdrtTi#  LMdM  •  MMoir  fa  «rUik  l^iimi 
MlT«Z|aAta.BDdiB'*Ui£heM«(niBWc«naidtnUedFtnkd  mm 
te  sbow  Oat  ibc  Dftodiis  locki  da  not  lonn  an  tiijj«fwiidmt  ijeUib,  wt 
is  trnti  the  e^siTslcnU  of  U>«  CaitxuufoYMu  SUte  ut  IreluuL     In  iliu  ]■ 


be  lakca  h  dw  tTpml  diitrict  for  tbe  dun&catioii  oC  the  Dmova  n> 
■Dit  Ant  tk  groapuiK  of  the  roeki  of  litt  tooth  of  IrelsBd.  nmltiag  faa* 
'-■^ ""tt  B.  Griffitli  and  Her  M»je«ty"i  Geological  Sorny.  naK  !■■ 


modd  for  the  ^rrapin^  of  the  « 


the  one  which  ]trer»il5  ic  JA-vonsliire,  »nil  in  W  estcm    Knn>pe  p'oei^ilj 
all  pWis  vrhert  n^i  ifood  rv<ur>H  oia  be  akoiCH  U>  At  cfmJmry. 

"It  lu-ppeoed  tli»t  Deronshire  wms  describfd  before  ths  scmth-west  of  Iirfi 
uid  dfscnbeil  bj  mostMS  in  our  mJcdoc  Bad  those  dcsoibFrs,  hoir^rcr.  \ 
pt^Tioaalr  ujDsinted  <ritli  the  structure  of  the  soatli-irfst  of  IrrlaDil.  I 
vonld  hsve  bad  reaaoo  to  mapect  that  the  apparent  order  of  suprrpouiiiii 
Deronshire  was  not  tbe  tjne  one,  and  ironld  doubtleag  hare  ialirprrtfd 
BectioDS  in  North  Ueron  by  the  light  of  tlieir  ^rjaaa  Irish  eiperi^iicc.  . 
one  vho  hu  eaintd  this  EipriienM'.  irill.  I  beliere.  agree  vitb  me  in  the  k 
]  have  fonned  respecting  lie  structure  of  liMth  Devon,  I  shall  not,  on 
other  hand,  be  at  all  siiqirised.  if  any  one  Kithout  this  eiperieiKv,  who  k 
solely  to  Jiorth  Devon  ilaelC  deiriinea  to  accept  them. 

"  My  hypothesis  is  brirfly  this— that  a  great  faolt.  with  a  dovnthivi 
tbe  north,  strikea  from  the  northeni  eorner  of  Morte  Bav,  about  east  and 
TODth,  all  amiss  Xorth  Devon,  someithcre  near  the  Tillages  of  W«t  I>n 
Bittadon,  East  Dovn,  Challacombe.  about  a  mile  south  of  Simonabath. 
thenee  onwards  in  the  siune  course." 

Tha  effect  of  this  fsalt,  ia  hi=  opinion,  has  been  to  rvpesl  on  tbe  n. 
ode  a  great  sfTiiS  of  beds,  which  have  been  generaUy  r^iarded  u  mii. 
n :.-   >  .^^  ■«i\ivi\iVe\ji;>ojs^iA.  Wi^iii  B*  \stwKt  CuboiiiferDas  ipv  like  ti 
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to  the  south  of  the  fault,  which  ore  usually  termed  upper  Devonian.  He 
•maintained  that  the  fossil  evidence  did  not  invalidate  tms  supposition  ;  that 
the  difference  between  the  fossils  from  different  parts  of  the  so-called  Devonian 
rocks  did  not  differ  more  markedly  from  each  other  than  fossils  from  different 
purts  of  the  Carboniferous  Slate  differed  from  each  other  ;  that  the  fossils  of 
Doth  ^up6  of  strata  warranted  the  conclusion  that  they  might  have  been 
geologically  contemporaneous ;  that,  on  the  supposition  that  the  rocks  of 
Jl'orth  Devon  really  formed  a  continuous  ascending  section  to  the  base  of  the 
Carboniferous  system,  the  total  thickness  of  ** Devonian"  rocks  seems  so 
great  as  to  reauire  verification  from  some  othef  district ;  that  his  explanation 
of  a  great  fault  not  only  removed  the  latter  difficulty,  but  brought  the  rocks 
of  Devon  into  harmony  with  the  clearly-ascertained  order  of  succession  in  the 
south  of  Ireland  ;  and  that,  in  this  way,  the  term  Devonian,  instead  of 
designating  an  independent  geological  system,  should  be  regarded  merely  as  a 
name  for  one  type  of  the  lower  portion  of  the  Carboniferous  system.  He  con- 
cludes thus : — 

"  I  would  beg  leave  to  sucgest  that  the  identification  of  the  Old  Red  Sand- 
stone proper  with  the  Devonian  beds  was  an  over-hasty  conclusion,  and  that, 
till  the  question  be  finally  settled,  it  would  be  well  to  discontinue  the  use  of 
the  term  Devonian  for  all  beds  which  are,  or  are  supposed  to  be,  really  Old 
Red  Sandstone.  One  source  of  confusion  would  thus  be  avoided.  The  term 
*' Devonian"  would  then  be  confined  to  beds  containing  those  species  and 
genera  of  Brachiopoda  and  other  marine  fossils  which  are  commonly  under- 
stood when  we  speak  of  Devonian  fossils.  The  Old  Red  Sandstone  certainly 
does  not  contain  any  of  these  fossils.  The  plants  and  the  Anodonta  which 
it  does  contain  seem  to  point  to  a  freshwater  origin  for  it,  or  at  all  events  the 
neighbourhood  of  land. 

•*The  Devonian  beds,  when  the  Old  Red  Sandstone  is  detached  from 
them,  wiU  still  be  sufficiently  extensive  and  important  The  peculiar  genera 
and  species  belonging  to  them  seem  to  have  a  very  wide  range  over  the 
world  in  g^eral,  ouite  as  wide  perhaps  as  the  genera  and  species  peculiar  to 
the  Carboniferous  Limestone. 

"  I  believe,  however,  that  it  will  ultimately  be  found  that  the  genera  and 
species  which  have  the  widest  range  of  idl  are  those  which  are  common  to  the 
Devonian  beds  and  the  Carboniferous  Limestone. 

'*  It  may  doubtless  be  thought  a  bold,  not  to  say  audacious,  speculation, 
but  it  occurs  to  me  to  ask  whether  we  ou^ht  not  rather  to  look  upon  the 
Devonian  beds  as  the  most  general  type  of  those  which  intervene  between  the 
Coal-measures  and  the  Old  Red  Sandstone,  and  regard  the  Carboniferous 
Limestone  of  the  British  Islands  and  Belgium  as  a  local  and  exceptional 
peculiarity.  It  seems  to  me  that  good  reasons  might  be  urged  for  such  a 
classification." 

Mr.  Jukes  was  removed  from  among  us  before  he  had  time  adequately  to 
work  out  the  views  which  he  sketched  as  a  reform  in  Palaeozoic  classification. 
He  was  a  trained  and  most  skilful  adept  in  physical  geology  ;  and  though  his 
suggestion  has  not  been  adopted  by  the  general  body  of  geologists,  there  must 
stiU  linger  in  many  minds  the  conviction  that  a  view  which  had  recom- 
mended Itself  to  so  earnest  and  experienced  a  field-geologist  is  well  worthy  of 
serious  consideration.* 

*  Mr.  Jukes's  views  were  opposed  by  Mr.  Etheridge,  who,  in  1867,  pabliahed  an  elaborate 
memoir  on  the  "  Physical  Structure  of  West  Somerset  and  North  Devon,  and  on  the 
Palftontological  Value  of  the  Devonian  Fossils."— ^tiart  Joum,  Gtol,  Soe.  xxiiL  56S.  ^ 
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The  namet  of  fossils  which  are  figured  are  printed  in  italics. 


Abbkviixb,  flint  implements 
at,  733. 

Aeervularia  Iweuriatu,  549. 

AdiaHna  CoeUUata,  683. 

Acid  anhydrides,  63. 

Acids,  defined,  20. 

Orthic,  21. 

Meta,  21. 

— —  molecular,     constitu- 
tion of,  23. 

Aeroaalenia  deeorata,  038. 

hemicidaroides,  633. 

ActinoUte.  74, 143. 

schist,  143. 

AdiafUiUi  Hibemioa,  674. 

Aerial  rocks,  138, 148. 

Agassis,  M.,  cited,  720. 

Aiate,  60. 

Aonothu  prineeps,  632. 

Av,  incapable  of  absorbing 
radiant  neat,  723. 

Alabaster,  67.  69, 134. 

Alaria  compotUa,  636. 

Albite,  76. 

AUthopterU  lonehiticaf  696. 

Allotropism,  47. 

Allurium.  402. 

Alps,    granitoid    rocks    in, 
144. 

— —  altered  Oolitic  rocks 
of,  648. 

Eocene  rocks  of,  686. 


Alstonite,  69. 

Alumina,  16. 

Aluminates,  24. 

Alunite  or  Alum-stone,  67. 

America,    North,    Cambrian 

rocks  of,  629. 
Carboniferous    rocks 


of,  602. 
Cretaceous 


669. 


rocks   of, 


720. 


Devonian  rocks  of,  666. 
Eocene  rocks  of,  686 
Glacial  Phenomena  of, 

Miocene  rocks  of,  694. 
— ->  Oolitic  series  of,  648. 

Silurian  rocks  of,  669. 

America,  South,  Cretaceous 
xoeksof,  669. 


Amethyst,  69. 
Ammonites  aurittu,  668. 

bipUx,  640. 

oommttAi«,  627. 

discus,  633. 

exeavatus,  636. 

HumphresianuSf  629. 

Jason,  636. 

perarmcUus,  638. 

varians,  661. 

AmpUxHs  coralloides,  697. 
Amygdaloidal  texture,  98. 
characteristic  of  inter- 
bedded  trap-rocks,  275. 
Anabacia  kemispherioa,  628. 
Anamesite,  104. 
Ananchytes  subglobosus,  661. 
Anatina  undukUa,  636. 
Aneillaria  buccinoidts,  681. 
Ancydocerasgigas,  665. 
Angelin  on  Swedish  Silurian 

rocks,  643. 
Anglesey,  foliation  of,  229. 

section  of,  467. 

Anhydride  acids,  21 ;  of  silica, 

58,69. 
Anhydrite,  66. 
Animal  formations,  384. 
Animal  Kingdom,  Table  of, 

Appendix  II. 
Animals    likely    to    become 

fossils,  494. 
Ankerite,  68. 
Annelide  tracks,  628. 
Anodonta  Jvkmii,  674. 
Anorthite,  75,  76. 
AnthophylUte,  74. 
Anthracite,  137. 
Anticlinal  curves,  192. 
Antrim,  Chalk  of,  667. 
Miocene  leaf-beds  of, 

689,692. 
Antwerp,  Pliocene  of,  700. 
Apatite,  87. 
Aphanite,  116. 
Apiocrinus  PnrkiiiKrtii,  633. 
Apporrhais  Sowtrbii,  671. 
Approximation  of  fossils  to 

living  forms,  608. 
Aqueous  rooks,  definition  of, 

92,  125, 131,  148. 


Aragonite,  68,  69. 
ArcACBoniseus  Bdvnrdsii,  644. 
Arctic  regions,  Oolitic  rocks 

of.  649. 
Arctic  shells  in  clays,  716. 
ArtnicoliUs  didyma,  528. 
Argillaceous  flagstone,  131. 

limestone,  133. 

sandstone,  127. 

Argyll,  Duke  of,  on  Miocene 

rocks  of  Mull,  687,  689. 
Arsenical  pjrrites,  65. 
Art  of  Mining,  Chap.  XIY. 

quarrving,  180. 

Artesian  wells,  formation  of, 

196. 
Asaphus  tyiranmu,  634. 
Asbestus,  74. 
Ash    (volcanic),    106.      See 

Trap-tuff 

how  formed   in   vol- 
canoes, 347. 

ishbiimham  beds,  663. 
Ashdown  sand,  653. 
Aspidorhynchus  Fisheri,  644.  ! 
AsUirU  Hartwelliensis,  640. 

obfiquata,  698. 

Omalii,  697. 

Astrakanite,  67,  66. 

Atomic  weights,  10. 

weights  of  elementary 

bodies,  l7. 
Atoms,  definition  of,  9. 

quantivalence  of,  18. 

Atmosphere,  378. 

as  a  geological  agent, 

375. 
destructive  effects  of, 

376. 
reproductive  effects  of, 

378. 
Atrypha  hemispherical  646. 

retictUaris,  649. 

Augite,  71. 
Augitic  rocks,  103. 
Australia,  barrier  coral  reef 

of,  419. 

Carboniferous  rocki 

of,  608. 

gold  reefii  of,  804. 

OoliUc  rocks  of,  649. 
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Bridecs    or    Bo^  turn 
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dlriL  41S.  ^  a 
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BnuiD,  lu-von  i^Kl  < 
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rphorin  erumenOf  507. 
ian  rocks,  thickness  of, 

period  in  Wales,  625. 

V,   lower  Silurian  sys- 

of.  548. 

aritt  <  rulsa,  681. 

.  coal,  131. 

»c  Kn»up,  535. 

1,  55. 

las,  303. 

late  of  niagnesinm,  60. 

of  lime,   estimate  of, 

a-water,  411. 

lates,  88. 

liferous  limestone,  677- 

589.  61*4.  59<J. 

overlaps  old  Red  Sand- 

i,  234. 

resting  upon  granite, 

great    denudation   of, 

lift-nms  period,  576. 

dr>'    land    in  Britain 
:)K'.  57.S. 

lifrnms  Slate   of   Ire- 
.  .Vi,'..  r,ss. 

lifrroiiH  system,  distri- 
)ii  of  fossils  iu,  595. 
moriifin  ohlonga,  698. 
t  i^iiilis,  097. 
VI  (li!'.''lviilf,  641. 
antpistatam,  698. 
ian.  50. 

on  geology  of  India, 

eposit.s,  730. 
fonnation  of,  by  the 
114. 
s  in  limestone  strata, 

ossiferous,  730. 

a    in  (juartz  crystals, 

in  aupite,  75. 
i-Kjn*  I.ffeUii,  669. 
es  nffhtyvs,  619. 
urn  ehijatis,  683. 
murjtntum,  638. 
rortln  luiicum,  641. 
douy,  69. 
131,  660. 
fossils  of  Lower,  661, 

fossils  of  Upper,  662. 
of  the  North  Atlantic, 
418. 

resemblance    to    Car- 
ferous  limestone,  661. 
and       Carboniferous 
stone,  scenery  of,  661. 
flints,  313,  660. 
marl,  660. 
fossils  of,  663. 
.ite,  70. 

miufiitiota,  680. 
mttiicnginuUXf  688. 
■teristic  species,  mean* 

»f,  503. 

zix  affinity  defined,  S, 


Chemical  analysis  of  rocks,  96. 

changes  classified,  10. 

nomenclature,  18. 

Chemically  formed  rocks,  99. 
and  organically  formed 

aquMUs  rocks,  131,  148. 
Cfhemistry,  definition  of,  9. 
Chene}uiopora      fungi/ormiSf 

668. 
Cherry  coal,  137. 
Chert,  60. 
seam  of,  in  limestone, 

near  Dublin,  314. 
China  Sea,  deposits  of,  418. 
Chiton  GrinUhii,  646. 
Chlorides,  how  distinguished, 

19. 
Chlorite,  84. 
Chloritic  marl,  669. 

schist,  143. 

Chronological     classification 

of  large  areas,  501. 

nomenclature,  516. 

Chrysopras,  59. 
Circumdeuudation,  hiUs   of, 

472. 
Citrine,  69. 

Cladodus  ttriatus,  600. 
Clay,  129. 
— —  iron-stones,   nodular, 

312. 

slate,  181. 

Cleat  of  coal,  178. 

Cleavage,  219. 

and  foliation,  dlfllerence 

between,  227. 

chief  laws  of,  44. 

of  crystals,  44. 

of  rocks,  142,  d6a 

origin  of,  223. 

phmes,   direction    of, 


221. 


planes,    superficially 
bent,  22.^ 

time  of  production  of. 


224. 


Clent  Hills,  section  of,  608. 
Cleveland  trajMlyke,  60  miles 

long,  266. 
Climate,    change    of,    since 

glacial  period,  739. 
change  of,  proved  by 

paUsontologv,  609. 

of  glacial  period,  701, 


716. 


Climates,   land   and    ocean, 
478. 

Clinic  Systems  of  crystals, 
30. 

Clinkstone,  101,  111. 

Clunch,  180. 

Clyde,  Arctic  shell-beds  of, 
716. 

Firth  of,  740. 

Coal,  186-8. 

altered    by   '*  white- 
rock"  trap,  202. 

destructive  distillation 


of,  by  trap.  262,  268w 

rendered     coli 

902, 


omnar, 


Coal,  face  of,  178. 

Coal-measures,  677,  684. ' 

great  denudation  of.  In 

Ireland,  440. 

"Coal  seat,"  170. 

strata  b€«t  proved  by 

fossils,  162. 

Cochliodu8  contoritu,  600. 

Coccosteus  deeipient,  669. 

Calaoanthut  aranulosua,  606. 

Ctxlopoma  Cciei,  677. 

Colloid  state  of  bodies,  48. 

ColumbeUa  sulcata^  698. 

Common  salt,  66. 

endomorphs  of,  67. 

pseudomorphs  of,  67. 

Compact  limestone,  131. 

Compact  rocks,  how  deter- 
mined, 94. 

Composition,  laws  of,  8. 

Compound  bodies,  8. 

trap-dykes,  267. 

Compression,  table  of,  369. 

Concretions,  formation  of. 
370. 

in  rocks,  810,  316. 

Cone  in  cone  structure,  812. 

Conglomerate,  126. 

Conglomeratic  limestone,  133. 

mica-schist  or  gneiss, 

146. 

Contemporaneity  of  distant 
formations  difficult  to 
prove,  500. 

Contemporaneous  erosion  and 
filling  up,  164. 

trap-rocks,  distribu- 
tion of,  in  space  and  time, 
286. 

trap-rocks  of  Britain, 


286. 

Contortions,  189,  868. 

due  to  subsidence  of  a 

curved  surface,  860. 

sometimes     inexpli- 
cable, 191. 

Conw  dormUoTt  880. 

Coomhola  grits,  686,  688. 

fossils  of,  687. 

Copper,  formuln  of  oxides  of, 
IS. 

ore  in  beds,  290. 

Coprolite,  669. 

Coral  rag,  667. 

reefs,  386,  741. 

^-^  consolidation  of  mate- 
rials of,  388. 

joints  in,  183. 

proofs   of  subsidence 


furnished  by,  834. 

Coralline  Crag,  696. 

Coralline  Oolite,  637. 

characteristic  fossils 

of,  638. 

CoHnda  ointm,  680. 

Cordierite,  82. 

Combrash,  oharacteristic  fos- 
sils of,  634. 

Comstone,  133. 
I  ConxwaU,  ygnxAXA  ^,  tAsvvt 


CmKla  lanaJmrgiRiii,  MI. 
CnuaataUa  trtifota,  HfeO. 

rodu  111  Fiaikuc,  ctW. 


nwki,  He  and  poAtlBo 

ot.  is  BnglMul.  es«. 
roclu,    uuUrtig    d< 

poatla  ot.  In  Bngluid.  SM, 
CioU,  Mr.  Junra.  Da  boM  of 

glulal  periud.  732. 
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opSc*l  prot*rtiii.  'of. 

CTTntdllognpliir  MiiM,  SB. 


CryRalllutlDn  of  roi^ks,  SI 
CryHUIllHeO  quirlf ,  M. 

CryiUllstKneiid,  37. 
Crj'iUlloBriiph)',  27. 

priour^l  liim  of,  .?■ 

CryaUllolngy.  dlrlalinii  of 


Cuoiuqgluiai,   Hi.    Umj,    ao 
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on    BTOWth     of    CVTKl 
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liKkliii,   Ur,    Qoyil,  lilted, 

■ (inCnrlKinlfimiiarocIn 


-— nbMU.B 
ilopci  nsd  in  id| 


plainn  nod  Tsbli'-liiiidi.  M 
)l»rinf.  iMtricwH    I 

~ oriRiniil  uuIIlDr:  of  U 


DUmuitiDe  Cirtxm,  I 
tHimond^  Umi  an 


niopflids  or  «4iiM  uat 

Ui.irtw.  Its, 

IMp  uhI  itriln  of  bM 


Diniirlwia 


S-7S.  IK  !■ 


<>Tcd  by  tmncfttkui    DaneUhin   o 


INDEX. 


769 


Wealden  Y)eds,  MS. 
d  and  CTavel,  706. 

on    Carboniferous 
f  Belgium,  601. 
r  on  oblique  lamina- 
51. 

Rtion  (flg.  38)  at  Old 
n  by,  169. 

etch  at  Donnybrook 
.  182. 

et<:h  at  Killiney  by, 
i. 
:etch   near   Kinaale 

cetch   near   Mallow 

etch  of  contortions 

etch  of  nnconform- 
in  cliffs  at  Water- 
53. 
of  species,  604. 

on   the  diflference 
Q  ancient  and  nio- 
vas,  286. 
jrers,  380. 

sandstone  in  trap- 

ne. 


Axis,    changes   in, 

ibihty  of,  320. 
sculations    on    the 
if  changes  of,  321. 
rust,  causes  of  dis- 
e  in,  326. 

heaval  and  depret- 
327. 
kes,  distribution  of, 

icts  of,  340. 

x*nt   of  ground  af- 

.y,  344. 

el  of  land  altered 

recent  times,  746. 
mus  pusillus,  698. 
(eriUa     auran/ium, 

ranulosa,  668. 
todwardii,  697. 
eklogite),  74,  148. 
1,  continuity  of  vol- 
ition in  neighbour- 
,  286. 

icene  rocks  of,  686. 
r  of,  690. 

locks  in  recent  vol- 
iff,  282. 
s^imentary  strata, 

tuff,  280. 

77. 

•y  bodies,  list  of,  17. 

•:ivanite.  110. 

Cornwall  and  Lein- 

►. 

m/ormU,  010. 
ueroso,  662. 


Endomorphs,  89. 

In  angite,  76. 

In  aragonite,  70. 

in  breunnerite,  71. 

in  cAlcite,  70. 

In  chalybite,  71. 

In  dolomite,  70. 

In  flnor-spar,  66. 

In  magnetite,  64. 

In  mica,  80. 

In  orthoclase,  78. 

in  qnarts,  61. 

In  serpentine,  84. 

in  common  salt,  67. 

In  gypsum,  67. 

in  pyrites,  66. 

in  sulphate  of  barium, 

67. 
English  Channel,  sedimentary 

deposits  of,  418. 
Enstatite,  72. 
Eocene,  definition  of  word, 

670. 

period,  670. 

strata,  former  extent 

of,  672. 

series,  groups  of,  678-4. 

Lower,  fossils  of,  676-7. 

Middle,  679. 

Upper,  682. 

erratic  blocks,  728. 

rocks  of  France  and 


Belgium,  684. 
Eozoon  Cuiadense,  686. 
Epidote,  81. 
Equations,  chemical,  18. 

examples  of,  16. 

Erosion,     contemporaneous. 


164. 
463. 


of  rock-basins  by  ice, 

of   surface,    various 
rates  of,  427. 

Erratic  blocks,  713. 

Eruptive  rocks,  92. 

Escaipments  as  proc^  of  de- 
nudation. 439. 

origin  of,  474. 

Eskers.  706,  710. 

EuomphcUtu     pentangulahUf 
698. 

diaeorif  649. 

Evans,  Mr.  J.,  cited,  758. 

Everest  on  the  Ganges,  401, 
4S4. 

Excentrlcity  of  earth's  orbit, 
eflbct  of,  on  climate,  783. 

Exogyra  columbOf  668. 

HntuUa,  666. 

tfirfpUa,  640. 

Extinct   forma   never  i»4tp- 
pear,  605. 

volcanoes  of  Central 


France,  864. 
Extlnoticm  of  speeles,  604. 
ExtraorinuM  Briartut,  680. 
Eye-stones,  00. 


Facb  or  cleat  of  eoal,  187. 
False-bedding,  100. 

3d 


Faluns,  093. 

Faults  or  dislocations,  198. 

varieties  of,  199. 

without  distortion, 200. 

with     distortion     of 

beds,  801. 
effects  of,  on  inclined 

beds,  803. 

longitudinal  or  strike 


807. 


single  line,  808. 

compound,  810. 

step,  811. 

inclined,  211. 

reversed,  818. 

reason  of  rule  as  to 

throw  of,  818.  814. 
trough,  214,  810. 

connection     between 


contortions  and,  817. 

vertical  extension  of. 


817. 


connection    of,    with 
igneous  rocks,  218. 

due  to  elevation  of  a 


curved  surface,  369. 

surface  effects  of,  ef- 


faced by  denudation,  441 
Tale  and   Bala,   687 


noU, 

Felspar,  76  ;  classified,  77. 

Felspars  as  pseudomorphs  of 
seolites  and  leucite,  86. 

Felspathio  character  of  the 
older  trap-rocks,  888. 

sandstones,  187. 

traps,  107. 

Felstone,  108. 

tuff,  116. 

FtnuMla  reti/ormU,  607. 

Ferric  oxide,  62. 

Ferrosoferric  oxide,  68. 

Fiorlte,  pearl-sinter,  00. 

Fireclay,  180. 

Firestone,  068. 

Firths,   submeiged    valleys. 
834. 

Fields,  remnants  of  old  sea- 
bottoms,  466. 

Fiords,  sulunerged  land-val- 
leys, 469. 

Fhigstone,  189. 

FUt  veins,  898. 

Flints,  60. 

implements,  788-0. 

Floors  of  tin  ore,  808. 

Flows  of  trap-rock.  878. 

relation   of,  to  over- 
lying rooks,  876. 

consecutive  groups  of. 


870. 
Fluidity  of  interior  of  the 

earth.  883. 
Flnoridea,  60w 
Fluor-spar,  60. 
Foliation,  148,  810,  826. 
Foliated  talc,  83. 
Foot,  Mr.  F.  J.,  on  JoinU  of 

County  Clare.  178. 
Footprints  of  tofryHnlAodon 

gif^nUum,  016. 
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FortMB.  DftTtd,  died.  ML 
Forbas,  Edwmrd,  oq  Ec 

rocks,  W6. 
on  Miocene  Hon 

Mall,  68& 
on  mollneea  of  Olacial 

period,  716.  ^    ^ 

. on    Ufe-MiieB  of  the 

■ea,480. 
Forest  bed.  702. 
msrble,  chumeiwlsttc 

fossils  of.  634. 
ForesU.  snbiuerged,  740. 
Fbm,  Uws  of,  in  minenls, 

f6b 

of  the  euth,  SIS. 

FbnnmtioiuL  their  contempo- 

mneity  difflcalt   to  prore 

when  distant,  600. 

sometimes   mesn   pe- 


G«Dde.    ProC., 

geologicsl  Uina,  M9. 
onGsmfarknaadMetn- 

morphie  rocks  of  SootiaiMl, 

523. 

SnnrSsn  rocks  of  Scot- 
land, 540^  65& 

•Miocene  Tolcanic  rocks 


riods.  617. 
Formnlae.  chemical,  19. 
drflnition  and 


pies  of,  16. 
Forth,  Firth  of.  740. 
Fossillferous  Trau-tuS;  ttS. 
Fossils,  nature  of,  476. 

■  modes  of  occurrence. 


495. 


different  in  dillierent 


rocks,  497. 
causes 


of  changes  in 
dintribution  of,  499. 

their  practical  import- 


ance. Oil. 

lu  polar  regi«mfl,  510. 


of  Mull,  680-601 

fteottish  glaeUl  phe- 
nomena, 70S. 

Boulder  clay,  704,  706. 

Kames.  71.S. 

Clyde  beds,  716. 


Geikie,  Mr.  James,  died,  S83, 

740. 
Qenerlc  centres,  401. 

as  eflieeted  by  geologi- 


eal  change,  403. 

OeognosT,  3. 

Qeugnphical    Umitaticni    of 
pliuits,487. 

of  ani*"*^*.  480. 

. >  distribation  of  spedes 

In  psst  time,  498. 

Geology,  resthcted  meaning, 
«. 

Geological  action  of  plani  and 
animal  life,  SSI. 

knowledge,  how    ac- 
quired, 514. 

surveying.  749. 


tm 


OlMtalFiBried. 

704,  705,  710.: 
changes  since,  TSa. 

Glassy  stale  of  hsdisik  C- 
Glanberite,  66 
Glenpuifffrgrits; 

A85l 
Oneias.144. 
_^^^_^  distingQished 

granite,  144. 
.  becoming 

the  Alps.  144. 
Godwin  Austen  on  gniiait 

chalk.  661.  7i8. 
Gold,  occnn«noe  oC  Sftt. 

reefs  of  Aiuttnlia,M 

GimioMUr  ForHawM,  8tL 
GoniatiU*  Lvteriy  599. 
Gomiomjfa  liUraia,  6dL 
(TontopAk&tu  enumlemi,  ML 

tiothite,  63. 

psendomorphs  flC  M 

Gzmnite,  drscriptioo  of.  UL 

miueralogical  eons 

tatlon  of.  Ifi.  L£L 

metafflorphlc,  146. 

Teina,  a**. 

graphic.  124. 

■  rclifttions  of,  to  sir 


morpliic  n.vk,  3*4. 
df  pths       at 


«hi 


FoMil  WiMMi  in  tufl,  282. 

Fragmental  trapi>«an  rocks, 
115. 

..  volcanic  rocks,  105. 

Franc*,  Oulitic  rocks  of,  647. 

.  K«>cene  roc.kn  of,  t>H4. 

MiiK'c-iie  roclLS  of,  695. 

Franklinito,  03. 

Fre»ljwat*T  (lacn^trine)  Lime- 
stone, 132. 

Frost,  geological   eflticta  of, 
405. 

Fucbsite,  79. 

Fuller's  earth.  630. 

Funchal  Point,  dykes  in  tuff 
near,  351. 

Fusion,    how    crystals    are 
formed  by,  40. 

FusuM  Unigtnnu,  680. 


Geolotpeal  time,  restricted  by  ; 
physical  causes.  447.  ^    i 
viewed  paheontologi 


formed.  3ti7.  ^ 

wcrathering  of,  i77. 

iu     CJB 


fraja'Uiebt 


cally,  508. 
diviiled 


Gahnite,  62. 

Galapagos  Islands,  plants  of, 

488. 
OaUrite*  albogalerus,  662. 
Ganges,  characteristic  fossils 

of,  403. 
mineral  matter  carried 

into  the  sea  by,  424. 
Garnets.  80.  143. 
Uau\t,  «Vft. 

G«iVVe.  rtol.»  *^*^^^ J^*^- 


into   forma- 
tions, 518. 
Germany,  Devonian  rocks  of, 

565. 
Carboniferous   rocks 

of.  601. 

Permian  rooks  of.  610. 

Trias  of,  618. 

Ooliti«!  rocks  of,  647. 

Miocene     rocks      of, 

695. 
Gcrrillia  anaps,  655. 
Geyscrite.  60. 
Giant's  Causeway,  692. 
Gibbsite.  &2. 
Girvau.  jweudo-igneous  rocks 

of,  369. 
Glacier  mud  in  rivers.  408. 
Glaciers,  geological  etfccls  of, 

407. 

in  Britain.  717.^ 

proofs  of,  717,  718. 

GlacUl  DepoeiU,  Fossils  of. 


,      6<J1. 

'  Granitirorhypog^niMasr*' 

1      liO,  14o.  Uy. 
vie  well  as  rock  ms* 


239. 


2+0. 


no    primevil.  knv' 
XKhsition  and  fcra 


I 


fratjnients  of,  in  ( 

bouiffn>us     linLi';»ti^w 
County  Dublin.  IX\, 

i»f  Doiie^nO,  lis. 

i»f    Lcmstcr.  inui 

thn»ujk!h      CAUibrian 
Lower  tSiluriuu  n^'ks.  i 

of   Leiii»ter.  N-ivl 

in     the     mica  *  tkthisl 
gneiss.  24'.!. 

supiHJsed  to  fivm 

of  monutAiii  chains,  -4 
or  l>evuu  and  Coin 


719. 


of  BriUin.  70. 

-  Nortliem  Europe, ' 

-  Alps.  720. 

-  Switzerland.  720. 
-•India.  720. 

fN.  America,  720.  ; 


'20. 


(JlacialPorioi,  701. 

cUvaate  of,  737. 


imiptoii  into  Oarbomfie 
rocks.  244. 

of  the  Pyrwice*.  i 

more   a^SiH'ialcvl 

old  than  new  nvks.  tA 

11  ay  Chinninghan 

notr. 

gold  in.  .W5. 

concrrition*  in.  31 

cuiitraction     of. 


24 


cooling,  2o6. 
Granular    rock,    how  d 
•  \    "lined,  94. 
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Oiaphite,  its  occurrence  in 

rocks,  56. 
OraptolUhtis  priodon,  552. 
Qrayele     with     mammalian 

bones  and  flint  implements, 

782. 
Greenland,  climate  of,  728. 

Miocene  plants  in,  605. 

sinking   of  coast-line 

of,  383. 
Oreensand,  654. 
— — —  characteristic     fossils 

of,  656. 
Greenstone,  112. 

taff,  117. 

Greywacke,  139. 

Grey  wethers,  Sarsenstones, 

676. 
Griffith,  Sir  R.,   cited,  573, 

693. 
Gretdya  peregrina,  633. 
Gritstone,  126. 
Orypkcea  incurva^  627. 

diiatata,  636. 

Golf-stream,  724. 

— -—  efllect  of  deflection  of, 

786. 
Gypsnm,  66,  67,  134,  315. 


"Haob"  of  a  fault  or  vein, 

233. 
Hall,  Sir  James,  experiments 

apon   trap-rocks    by,  267, 

note. 
HallsUtt,  fossils  of,  620. 
EamiUs  attenuatua,  657. 
Harlech,  Cambrian  fossils  at, 

628. 
Hastings  beds,  653. 
Haai^ton,  Rev.  Mr.  S.,  on 

analyses  of  felstone,  109. 
Elaasmannite,  64. 
Hanyne,  78. 
Headon  series,  679. 
"Heathen  coal,"  extent  of, 

168. 
Heer  on  Miocene  flora,  688, 

695. 
Heliotrope,  59. 
Hdis  irUrbani,  ess. 
Hematite,  63,  290. 
-^—  pseudomorphs  of,  64. 
HtmiciaarU  minor,  631. 
Hempstead  series,  683. 
Hennessey     on     terrestrial 

climate,  511,  note. 
Hen  wood,    Mr.,    on    lodes, 

801. 
Hepatic  pyrites,  65. 
Hercinite,  62. 

Herefordshire,  Old  Red  Sand- 
stone of,  570. 
Herschel  on  eOiects  of  earth's 

ezoentricity,  721. 
Heteromerism,  46. 
Hazatomic  metals,  68. 
Hflls  of  Accumulation,  468.  * 
■  of  Circumdenudation, 

472,  473. 
of  Upheaval,  459,  471. 


Hills  formed   by  snbaerial 

denudation,  443. 
Hippopodium      poiiderofum, 

627. 
Histioderma  Hibernieum,  628. 
Holocystii  degans,  655. 
HolojxBa  concinnOj  536. 
Uorooeomorphism,  46. 
Homotaxis,  500,  note. 
Hooker,  Dr.,  on  the  increase 

of    land   by   the   Ganges. 

404. 
on  doubtful  evidence 

from  plant  remains,   649, 

note. 
Hopkins,  Mr.  W.,  on  the  laws 

of  fracture  of  the  earth's 

crust,  217. 
on  the  power  of  water 

to  move  bodies,  400. 
Hoploparia  Bellii,  676. 
Horizons  in  Geology  deter- 
mined by  fossils,  502. 
Hornblende,  16,  73,  112,  143. 
Homblendic-schist,  143. 
Homstone,  60. 
Horses'  backs  in  coal  beds, 

162. 
Hudsonite,  72. 
Human  period,  729. 
Humphreys  and    Abbot   on 

amount  of  sediment  in  the 

Mississippi  river,  401.  424. 
Hutton  on  onconformabillty, 

233. 
granite     veins     first 

studied  by,  248. 

the  geological  import- 


ance of  the  circulation  of 

water  over  the  surface  of 

the  land   first  recognised 

by.  391,  note. 
Huxley  on  Homotaxis,  500, 

note. 
Sjmopsis    of    Animal 

Kingdom  by,  Appendix  II. 
Hyalite,  60. 
Hyalosiderite,  80. 
Hydrarsyllite,  62. 
Hydraulic    limestones,    69, 

133. 
Hydrophane,  60. 
HymtnocarU  twrmicaicda,  632. 
Hyi>ersth6ne,  72. 
Hypersthene  rock,  113, 146. 


IcB  as  a  geological  agent, 
405. 

of  glacial  period,  703. 

Icebeigs  as  geological  agents, 
416. 

Ice-cap,  332,  note. 

Ice-foot,  geological  effects  of, 
416. 

Iceland  spar,  68. 

Igneous  rocks,  {definition  of, 
92. 

classification  of,  ac- 
cording to  composition,  97, 
147. 


Igneous  rocks,  classification 

of,  according  to  formation, 

98. 

characteristics  of,  98. 

metamorphism  of,  86V. 

supposed     connection 

between,  and  metalliferous 

veins,  372. 
Tguanodon  ManUUii,  652. 
lUaenue  Davisii,  537. 
Imperfection  of  the  geological 

record,  498. 
Imperfections  of  crystals,  41. 
India,  coalfields  of,  603. 

Oolitic  rocks  of,  649. 

Eocene  rocks  of,  686. 

Miocene  fossils  of,  694, 

695. 
Inoceramtu  nUeatus,  657. 

Lamarckii,  662. 

mytiloidee,  661. 

Interval,  length  of,  between 

beds,  152. 
between     groups     of 

beds,  156. 
Invariability  of  the  angles  of 

crystals,  34. 
Inversion  of  beds,  196. 
lolite,  82. 
Ireland,  cleavage  in  south  of, 

221. 
successive  unconform- 

abilities  in,  233. 

denudation  of  central 


plains  of,  44Q. 
'-  Cambrian    rocks 


527. 
658. 


of. 


Silurian  rocks  of,  541, 

Old  Red  Sandstone  of. 

Carboniferous      lime- 
stone of,  589. 

Coal-measures  of,  691. 

-Fossils  of ooal-measurM 


571. 


of,  592. 

Carboniferous    forma- 


tions of  north  of,  592 

Permian  rocks  of,  609. 

Triassic  rocks  of,  612. 

-xo —  Rhastic  beds  of,  616. 
New  Red  Sandstone  of. 


617. 
669^ 


Cretaceous   rocks   of, 

Miocene  rocks  of,  692. 

glacial     deposits    of, 

707,  714. 
Iron,  formulse  of  oxides  of,  16. 

foam,  64. 

oxides  of,  62. 

sand,  654. 

Iron-age,  729. 

/«u(ra«  oblonffa,  641. 

Isogonism,  46. 

Isomorphism,  46. 

Isothermal  lines,  484. 

Itacolumite,  127. 

Italy,  Miocene  rocks  ofy  606. 


amlitr,  tblc^nean  oT,  13 


-  Fennlu     nclu 


Lanilillpa,  RintrkaMe,  3t 
Lluddln  Hsn,  as. 
UpUll.  lOS. 
In  trap-toff.  280. 


B'vri.  Ml- 

Haartrltiit  tlulli.  • 

liiD(*t«H.n 

>IV^«1».  WL 

M.Uel.  Ml.,  (»  or 

.■iS3:",v"- 

m>.Uk>bIc     lhlck>l«> 

niMlDr.  of  otgiuii^'  orl- 

Ore»t  Scior.  BSl 

M^iu'i    ta    a 

lineuJonioqib*  of,  t*. 

LlDgols  Ouch,  5nl. 

LinlitbBOW,  fool]  injud  in  tufl' 


bum  on  mliiMmlPST. 

Lff*U»  HOvmirw,  5aE. 
LUiuloreiT    Bockii,     Lowh, 

Fppw.  Mt.  MB. 

(i>Mll..  Ma,  MI. 

LoTBl'tf  ' 


UuumaliAnwia  m 


Hub  tn  CWk.  Ml 

iuii-«i«i«  in.  - 


mDEX. 
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Marl-Alate   Fonnatioii  (Per- 
mUn),  606. 

Marlatone,  625. 

Martupite*  omabu,  662. 

Martenaite,  57. 

Matagenic  twin  crystals,  42. 

MayhiU  sandstone,  545. 

Mechanical     peeudomorphs, 
51. 

Mechanically-formed    rocks, 
90,  126,  148. 

Meerschaum,  83. 

Meionite,  81. 

Melaphyre,  114. 

Menelite,  60. 

MerisUUa  angustifrorUt  546. 

Meta-acids,  21. 

of  silica,  58. 

Metallic  ores  in  beds,  290. 

Metalliferous  veins,  292. 

of  the  North  of  Eng- 
land, 293. 

Metamorphic  rockSf  how  deter- 
mined, 95,  138,  148. 

age  of,  146. 

concretions  in,  317. 

Metamorphic        porphyries, 
142. 

granite,  146,  246. 

Metamorphism,  influence  of 
pressure  on,  364. 

influence   of   heated 

water  on,  364. 

production  of  foliated 


rocks  by,  865. 

cycles  of,  868. 

of  igneous  rocks,  369. 

possibly       connected 


with  volcanic  action  in  the 

Hebrides,  691. 
Metamorphosed    arenaceous 

rocks,  139,  148. 
aigillaceous  rocks,  140, 

149. 
calcareous  rocks,  140, 

149. 
Metamorphosis,  50,  360. 
Meyen  on  botanical  regions, 

479. 
Miascite,  146. 
Mica,  78. 

schists,  142. 

Micaceous  sandstones,  127. 
Michaelite,  60. 
Mlcheliiiia  faroaa^  597. 
Micrabacia  coronula,  658. 
Mieraster  cor-anauinurA,  662. 
Microscopic  analysis  of  rocks, 

95  :  see  note^  96. 
MUlstone  grit,  577,  581,  584. 
Milne  Home,  Mr.,  on  Karnes, 

713. 
Mineral,  definition  of,  7. 

veins,  290. 

Mineralogy,  7. 

Mining   terms,  explanations 

of,  306.  / 

Miocene  PeriodvW. 

fu8sllSy493. 

gUfibt*.  728. 

Mispic£iir«5. 


Mississippi,  sediment  carried 
yearly  to  sea  by,  401. 

amount  of  sediment 

in,  424,  426. 

rate  of  denudation  in 


basin  of,  427. 

Mitra,  range  of,  493. 

Mitscherlich's  theory  of  iso- 
morphism, 46. 

Modiota  Macadamif  586. 

ModiolopsU  expanta,  536. 

Moel  Tryfaen,  shells  on,  706. 

Molecular  weight,  11. 

allotropism,  49. 

Molecules,  their  constitution, 
how  represented  by  for- 
mula, 25. 

definition  of,  9. 

Molluscan  tracks,  528. 

Morion,  59. 

Moriot,  M.,  cited,  738. 

Moselle,  valley  of,  formed  by 
erosion,  457. 

Mud  and  Mudstone,  131. 

Mull,  Miocene  leaf-beds  and 
volcanic  rocks  of,  687. 

Mundic,  64. 

Murclilson,  Sir  B.,  on  Lau- 
rentlan  rocks,  523. 

Cambrian  rocks,  624. 

Silurian  System,  530, 


559. 
566. 


Old  Red  Sandstone, 
Permian   rocks,  605, 


610. 

Murex  agper^  680. 
Muscovite,  78. 
Muschelkalk  fossils,  619. 
Afyaeites  deairtata,  633. 
Myophoria  vulgaris,  619. 


Naples,     section     of    lava 
coulie  at,  348. 

Ncusa  reticosa,  698. 

ambulacrum,  681. 

eUgans,  641. 

hemidatua,  698. 

Natural  selection  applicable 
to  palseontology,  507. 

Naumann's  definition  of  mela- 
phyre, 114. 

Nautilus  biangxdatus  or  oari- 
natus,  599. 

hfxagonali*    or   bidor- 


salis,  619. 

imprrkUif,  677. 


Necks,  vents  of  extinct  vol- 
canoes, 268. 

composition   of,    269, 

270. 

adjacent    strata    dip 

into,  269. 

ground-plan  of  a  vol- 


canic, 271. 

Needle-iron 'ore,  63. 

Negative  evidence  untrust- 
worthy in  {Mlcontology, 
506. 

Neocomian  bedt,  668. 


Neolithic  deposits,  738. 
Nepheline.  77. 
NeHncta  Voltzii,  631. 
Nettlestone  grits,  680. ' 
Newfoundland,  coal-measures 

of,  501. 
New    Red   Sandstones,    605, 

611,  616. 
rocks,    unconformabl- 

lity  of,  616. 

foreign  localities    of, 


618. 


New  South  Wales,  carbonifer- 
ous rocks  of,  603. 

NipadiUs  um^iimatta,  676. 

Nodules,  312. 

Non-magneslan  hydrous  sili- 
cates, 85. 

Nonual  salts,  23,  24. 

Norwich  Crag,  699. 

Nosean,  77. 

Notations,  12. 

Nova  Scotia,  Carboniferous 
rocks  of.  602. 

Nuggets,  largest  found,  304, 
note. 

NummuliteM  Uevigatus,  680. 


Oaze.  386,  418. 

Obsidian,  102. 

Ocean  (see  also  Sea),  effects 

of  earthquakes  on,  341. 
influence  on  climate, 

413. 
conservation   of  land 

by,  445. 

currents,  483. 


Ogygia  Buchii,  534. 

Oii-shale,  138. 

Old  Red  Sandstone  defined, 

616. 

period,  562.  566. 

evidence  of  Ice-action 

In.  727. 
Oldhamia  antiqua,  528. 

radiata,  528. 

Olenus  micrurus,  532. 

Oliva  Branderi,  681. 

Olivine,  80. 

Ompkyma  turblnatum,  549. 

Onyx,  59. 

OoUte,  131. 

formations,  maximum 

thickness  of,  623. 

characteristic   fossils 


of  Inferior,  680. 

characteristic   lomila 


of  Great,  682. 
Oolitic  Period,  628,  028. 
Opal,  60. 

Ophiodtrma  Egertoni,  626. 
Ophiolite  or  Ophite,  142. 
Ojihiura  WethertUii,  676. 
Optical  properties  of  crystals, 

43. 
Ores,  deposition  of,  in  closed 

cavities,  291. 
Organic&ll'f -^ormxA.  ToOuik^^iV, 


\ 
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Origin  of  raif«c«  outllnet  of 

tlw  earth.  44H. 
OriKiiutl  oatUnetofthroaTth's 

•oifaoe  oUiterated  by  de- 

Badation,  448. 
Orodu*  rmnonu,  000. 
OithicaAidi.  21. 

of  iiiUea,  5S. 

iTNteinaof  crjiUIa,  30. 

OrtkiM  tJata,  bM. 

/nbeUtt/mn.  iSS. 

tUgamtula,  &3«. 

^—^—  nvtm,  HA. 

tunata^  &5S. 

■  '  ruMpfiwita,  6ML 

Ortkoetrru  annulahim,  550. 

bnUatvm,  553. 

Orthoelaae  feUpan,  75, 7(L 
Oaborae  Seiiea.  iMO. 
OiKillationa  of  level  of  land 

aince  Glacial  Period,  740. 
Oaalferona  cavema,  origin  of, 

SM. 

JIahrUuia,  A80. 

Otodfu  ahlkinuB,  <IT7. 
OtapUria  ohtusa,  OS0L 
Outcrop.  IHM. 
proof  of  denudaUon, 

188.  43D. 
OrerlaiM.  237. 
OxfonI  cUy.  035. 
(>zi«l(«i,    how    (liiitinpiiiihpil. 

1J». 
ocourring  an  iiiintrruU, 


u. 


of  iron,  62. 

Oxyffi'n,    iU    abundance 

niiii<fral.<(.  fii, 
Ozy-aaltM.  23. 


in 


Pacific  Ocean.  dcpoHits  of, 

418. 
FalavhinuM  jjj>AirricMj«,  509. 
Paktoe<*ma  Coirini.  5A3. 
PaliruuiM-Ns  citmjttiu,  606. 
Paleolithic     d(.'|M>sits,     730, 

737. 
PftUeontoli>f:>'.  5,  476,  478. 
PaludiHa  fluiunrvjii,  (t52. 

oHiiculuri*,  M[l  \ 

Faraeyathus  car}K*phnUus,(i76. 
Para^'nio  twin  cryHtabi.  42. 
Parallelism  of  the  faces  of  a 

oryaUl,  M.  \ 

Plaramorphosis.  50.  j 

Pargasite,  74.  i 

Paasfs  or  K^pa  In  mountAin*  ' 

formoti  by  douudutiou,  450.  i 
Patdla  latiisima,  640. 
Paullto.  73. 
Pearl  stone,  101. 
Peat  nioasoA.  383,  738,  739. 
Pectfn  lamdlatuH,  641. 

Hit  id  M,  662.  I 

PeetuiurulttA  suUorovi,  ^%.         ' 

Pdlonv.fei. 

PennaikX  »aiiow>Tve»,  ^» « . 

PenMrthBeAa,<i\^,*vv 


PMinlne  (chloriteX  M. 
Pennine  Cbain.  579L 

e7«. 
PtontamaniB  beds.  539. 

Knifhiii,  552. 

———  obtonmtM,  544. 
Peniremiin  D€rh(ngi$,  699L 
PtrifduerinMt    vunili/brmig, 

550. 
Pinidote,80. 
Perimorphs  of  aragonite.  71. 

anh^tite,  ©7. 

angite,  75. 

breonnerite,  7L 

caldte,  71. 

chlorite,  85. 

dolomite,  71. 

oartieta,  81. 

fluor-spar.  50. 

magnetite,  63. 

nii»,  88. 

orthoclase,  77. 

specular  Iron,  68. 

'—^  sulphate  of  barium,  67. 
quartz.  61. 


Periods  defined.  518. 
Peniiian  Period,  605. 

evidence  of  ice-action 

in,  727. 

volcanic  nocks  of,  270. 


610. 

Pf  rsistcnt  types.  505. 
Pct'ilwiw  i/<irfiM<7«>,  ♦'•00. 
Pttrefactioii.  361.  477. 
Petn^rraiihy,  list  of  treatises 

on,  f  8.  nt^f. 
Petnrlogj',  150. 
Phucfijn  apieulntuf,  537. 

caudatus,  650. 

Phillips,  I*rofe«»or.  on  alter- 

iiatiuns  uf  IhhIs,  16&. 
"  GwiloKy     of    York- 

Ahire."  section  fh)m,  172. 
on  cleavage  of  Snow- 


don,  223. 
on 


ri4. 


travelled    blocks. 


Yorkshire  Oolites,  635. 
PhiUi}i.tia  iiu^ttHlatu,  599. 
l»hl»»gi)bite,  79. 
Pkoiodomya /idinila,  629. 

Ijtnita,  ens. 

Plioiiolite.  101.  111. 
Phosphatic  no«lules.  313,  659. 
Phosphorite,  87. 
Phmgnwoenu       vfntricosum, 

553. 
Physiography,  448. 
Pinite,  82. 
Pinna  c^jPini*,  677. 
Pipe  veins,  297. 
IMsolite,  132.  142. 
Pisolitic  chalk,  664. 
INtchstone,  110. 
Plagioclase  feUiMirs,  75. 
Plains,  origin  of,  464. 
vircA.>\'c.**V.   by   marine  ! 


Plaata,    consemtive  actff 
on  land  aurfaee.  $SI 

neproducUve  actin  rf 

plants.  382. 

likely  to  beeoBefoMDi 


4M. 

Plant-fonnationa.  381 
Platfcriitu*  /irii.  319. 
Platy  rocka.  how  dettniiari 
95. 

Pto/yaraiirt  giriatv*,  4BW 
PlaTfairi4i  the  renretahl'' n 
a«  a  proof  uf  the  ciidsub 
destruction  of  tibie  nxk,  iM 
fu4r. 

Plesiomorphism.  4^ 
Ptfuropkonu  cvtatnt.  A'7. 
PleMTxrrkf  ndius     Hi'^miv 

Pi^urmttmon.  omhm,  ^M. 
PtrurolowM  cttUm,  681. 
Pleurvtomutria  A  a^Iin,  (3^ 

OMpera^  56X 

ciowfwto.  AM. 

ormata,  629. 

■  fdim/afn,  640L 
Plicatntn  prdi nnida,  657. 
Pliocene  Perii^il,  f^-fi. 
Pliocene    beds,   ftntdivisKSi 
of.  696. 

i^f  Antwerp.  TOO. 

lUly.  7i». 

Kus.<«ia,  7w\ 

Sirily.  7t">. 

Po.  rate  at  which  tbe  nrfi?' 
of  its  basin  i*  lowcfrd  ti} 
427. 
P(rciloiiHS  JoKffii.  f*^. 
Polar    earbonifen.>u   U^^\ 

510. 
Polianitc,  64. 
Polyrystliiw,  saiulstono  i^^ 

iHiCk'd  of.  :t84,  rtvtt. 
Polyhydrir  Iiom*:}.  io. 
Polymorphism.  47. 
Pori'upine  exiMnlitiim,  Tfc*tlt 

of,  482. 
Pori»h>-rite.  Ill, 
Poriihyrit*'  lull.  117. 
Porphyritir  l«-xtun\  ». 

gninite,  isi. 

Portland  (.Kditt^s.  ftW. 

'  Stone.  641. 

Hods,      charaii«r.s 

fossils  of.  Ml. 
Portrush,  section  of  vokaw 

net^k  near,  271. 
Poat-Tertiar\-  strata,  701. 
Potsume.  83,  143. 
Prehnite,  86. 
Prestwich    on    Greyweihe.-« 

676. 
t)ii    Eocene    iofk<  •-■ 

Pran««e  ami  Belpom,  »«4 
on  antiquity  of  na.'. 

733. 
Primitive  rocks  defined.  51? 
Prodvcta  futrrida,  6»>7. 

inticuhta,  .W7. 


iNi'i:x, 


/'- 


n'.lr:'.f  ■■■:., f,,. 


!):>o. 


Pseudo-crystalline  sandstone, 
127. 

PModo-igneooB  rocks  pro- 
duced by  metamorphism, 
809. 

Flmidomorphic  metamorph- 
l«n,  361. 

PKtidomorphs,  51. 

Paendomorphs  of  anhydrite, 
«7. 

-  aufi^te,  75. 

-  calcic  fluorides,  56. 

calcite,  71. 

chalybite.  71. 

chlorite,  85. 

dolomite,  71. 

gypsum,  67. 

leucite,  28. 

oxides  of  iron,  64. 

mica,  80. 

nepheline.  78. 

quartz,  62. 

— '■^—  pyritea,  65. 

serpentine,  84. 

sulphate  of  barium,  67. 

steatite,  83. 

talc,  83. 

PteridUhys  UUum,  560. 
Pterinea  retro/lexa,  552. 
PteropkyUvm  oomptutn,  631. 
Pumice,  102. 
Purbeck  beds,  642. 
Purpura  tetnwona^  608. 
Purpuroidea  Morri$tii,  631. 
Pay  de  D6me,  extinct   vol- 
canoes of,  354. 


QcAKTiVAUDfci    of    simple 

bodies,  11. 
Quarrying,  ait  of,  180. 
Quartz,  59. 
crystals,  evidence  of 

growth  in,  61. 

perimorphs  of,  61. 


Quaits-rock  or  quartzite,  139. 


IUaaat,  Isle  of,  basalt  veins 

in  Cambrian  conglomerates, 

268. 
Radicles,  definition  of,  9. 
Rain  action,  892. 
Raited    beaches,    831,    717, 

740. 
Rake   veins   of    Derbyshire, 

293. 
Ramsay,  Professor  A.  C,  on 

coincidence  of  foliation  and 

cleavage  in  North  Wales, 

229. 
sketch  of  Craig  das 

Etthan.  Wales,  256. 

on   plain   of  marine 


denudation.  434,  note. 

on   lake-basins,    460, 


4«8. 


on  the  red  colorlsation 


U.iii.^.iy,  Ti'if.  >.-Mi    A.  C. ,   '  ii 
former      gluciol      periods, 

I  Zi. 

Randanite,  61. 

Raphilite,  74. 

Rfistrites  peregrinus,  534. 

Recent  period,  741. 

Red   colorlsation    of  forma- 
tions, 567. 

Red  crag,  698. 

Reindeer,  704,  705,  731. 

Retinite,  110. 

Rhtetic  beds,  613. 

Rhenish    Pnissia,    Devonian 
rocks  of,  565. 

Rhine,  amount  of  sediment 
in.  424. 

delta  of,  408. 

gravel   moving   along 


bottom  of,  425. 
channel    of. 


cut   in 


solid  rock,  457 
Rhizodus  Portiockii,  600. 
Rhynchtmella  eoncinna,  631. 

Cuvieri,  661. 

'   ■  Gibbsii,  655. 

inotmstans,  640. 

nuculo,  552. 

pUurodon,  586. 

rimoaa,  626. 

gpinosa,  629. 

Ripidolite,  84. 
Ripple-marks,  162. 
River-action,  397,  423. 
River-alluvia,   ancient,  with 

traces  of  early  man,  731, 

782. 
River-sediments,  various,  es* 

timated  by  weight,  423. 
River-valleys  of  the  south  of 

Ireland.  452. 
Rivers,  beds   of,    dependent 

for  their  form  on  nature  of 

rocks,  398. 
transporting  power  of, 

399. 
transport  of  detritus 

by,  401,  422-429. 
Rivers,   reproductive  effects 

of,  402. 

terraces,  402. 

deltas,  402.       ^ 

Roches  moutonfUes,  409. 
Rock-crystal,  59. 
Rock-forming  minerals,  lists 

of,  52. 
Rock-salt,  56,  135,  315,  611. 
Rocks,  cUssiflcation  of,  88. 

determination  of,  94. 

expansion  and  contrac- 
tion of,  856. 

undeigroond   changes 


effected  upon,  356. 
Rogers,  Professor  H.  D.,  on 

reversed  fkolt,  214. 
on  Carboniferous  rocks 

of  United  SUtea,  602. 
RoUtUaria  oarinala,  667. 
rimom,  681. 


610. 


IVriiiiau     rmk.s    t»I, 


Pliocene  of,  700. 


Saocharoid.     or      statuary 

marble,  140. 
Saaenaria  Bailyana^  574. 
Salisbury  Crags,  Edinburgh, 

sketch  of,  257. 
Salts  defined,  23. 
molecular  constitution 

of,  23. 

in  sea  water,  percent- 


age of,  411. 
Sandhills  and  dunes,  378. 

of  Australia,  379. 

Sand-rivers  in  AArica,  401. 
Sandstone,  126. 

consolidation  of,  128. 

(distinction  between). 


and  gritstone,  128. 
local  names  for 


vari- 


eties of,  129. 
Sardonyx,  60. 
Satin -spar,  67. 
Scandinavia,  denudation  of, 

465. 
Silurian  rocks  of,  542, 

559. 
SeapKites  eguoiif,  661. 
Scapolite,  81. 
Schalstein,  118. 
Schist,  142. 

Schistose  rocks,  142,  149. 
Schorl,  82,  142. 
Schorlaceous  schist,  143. 
Scolaria  GatUtifM,  657. 
Scoria,  106. 
ScoUand,  Silurian  rocks  of, 

540,  558. 
Old  Red  Sandstone  of, 

56& 
Carboniferous  system 

of,  583. 

Permian  rocks  of.  609. 

supposed        Trii&ssic 


rocks  of,  613. 

Lias  and  Oolite  of,  646. 

Miocene  leaf-beds  and 


volcanic  rocks  of,  687. 

Glacial  drift  of,  70S. 

Raised  beaches  of,  331. 

Sea,  as  a   geological  agent, 

410 ;  see  also  Ocean. 
chemical  composiUon 

of  water  of,  410. 

receptacle  for  debris 


Rottenstone,  IM,  878. 

oieartMin  formstioa»,  M7.    j  Rabinglimmer,  9A. 


V 


Of  land,  417. 
k-caves,  old,  380. 
i-level   essentially  invari- 
able. 328. 
Sections,  geological,  751. 
-  should  be  drawn  cmly 
a  true  scale,  449. 
ick,  Rev.  Professor,  on 
vage,  22S. 
term  "foliation"  pro- 


posed by,  142,  22& 


Vb^35^- 


d.xxQ«^VsA^* 
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^eneriffe.  Peak  of,  851. 
Tertbratuia  hiplioaia,  658. 

cameot  662. 

digona,  631. 

grandUt  607. 

hastata,  697. 

ifUermedia,  633. 

numismalis,  626. 

•<«a,655. 

vulgaris,  619. 

Terebratulina  gtriatukt,  677. 
Tetnudal  forms  of  ciystals, 

80. 
Texture  of  rocka,  93,  98. 
Thanet  beds,  674. 
Theeomilia  annularis,  638. 
Thenardite,  66. 
Tbennal  springs,  395. 
Thomson,  Sir  William,  on  the 

rigidity  of  the  interior  of 

the  earth,  325. 
Thoinsonite,  86. 
Thraeia  depresaa,  640. 
Tflestones,  554. 
Tin  ore,  occurrence  of,  303. 
Toadatones    of    Derbyshire, 

50S. 
Tcnrmaline,  82,  143. 
Trachy-dolerite,  103. 
Trachyte,  100,  866. 
Trade-winds  explained,  483. 

"Transition  rocks " ^t^^i^^. 

619,  noU, 
Transport    of     detritus    by 

rivers,  401. 
Trap-dykes,  263,  289  note. 

of  Britain,  265. 

of  Tertiary  age,  265, 

287. 
not    coincident   with 

faults,  266. 

and  veins,  lithological 


characters  of,  266. 

sometimes  compound, 


267. 


varieties  of  structure 
In.  267. 

frequently   columnar. 


267. 


alteration  of  contigu- 
ous rocks  by,  268. 

new  minerals  formed 


by,  268. 

their  association  with 


granite  and  syenite  in  Ar- 
ran,  »kye,  and  Mull,  289. 

Trap-rocks  viewed  as  rock- 
masses,  251. 

modes   of    study    of, 

251. 

intrusive  and  inter- 
bedded,      definitions       of 


Trap-rocks,  their  ;iithological 

character,  258. 
alteration  of  stratifled 

rocks  by,  261. 

interbedded,  272. 

structure  of  "  flows  " 


of,  278. 

relation  of  interbedded 


to  the  overlying  rocks,  275. 
cracks   in,    filled    up 


with  sandstone,  276. 

concretions  in,  316. 

hill-ranges  of,  278. 

plateaux  of,  278. 

of  Britain,  geological 


sequence  of,  286. 

diflTerence  in  character 


of  older  and  newer,  288. 
table  of  stratigraphi- 


cal  distribution  of,  288. 
Trap-tuff,  116. 
liUiological     varieties 

of,  278. 
associated   only  with 

interbedded     trap  -  rocks, 

278. 
agree     in     character 

with  contiguous  trap-rocks. 

279. 

sedimentary   detritus 


often  mixed  with,  279,  283. 

stratified,  280. 

occasionally  fossilifer- 


ous,  283. 

passes  into  other  sedi- 


mentary rocks,  283. 

never     passes      into 

crystalline  trap,  283. 

metamorphic     altera- 


tion of,  284. 
Trappean -conglomerate,  119. 

breccia,  119. 

agglomerate,  119. 

sandstones,  128. 

rocks,  107, 147.  251. 

necks,  270. 

Trass,  106. 
Travertine,  132,  394. 
Tremadoc  slates,  533. 
Tremolite,  74. 
Triassic  period,  611. 
Triaxlal  forms  of  crystals,  30. 
Trigonia  davtUata,  638. 

• gibbosa,  641. 

iGoldfussii,  631. 

incurvoy  641. 


terms,  253. 
intrusive 


or    subse- 


quent, 254. 

crystalline,  254. 

in  amorphous  masses. 


255. 


in  sheets.  257. 

test   of  intrusion  of. 


Trinudeusfimbriatus,  5.34. 
Tfvchocyathiu  conulus,  657. 
Tschermak  on  felspars,  75. 
on  tremolite  and  au- 

gite,  74. 
Tuff,  116. 
neck   filled    with,  at 

Dunbar,  271. 
Turrilites  cogtattu,  661. 
Twin  crystals,  42. 
Tylor,  A.,  on  true  measure 

of  denudation,  422. 
Tyndall    on     crevasses     in 

glaciers,  200. 
on  cleavage,  223. 


Unookforicabilitt  and  Over- 
Up,  231. 

money  wasted  by  ne- 
glect of,  236. 

practical    importance 


of.  236. 

between   Upper    and 


Lower  Silurian,  544. 

Underground  water,  chemical 
action  of,  393. 

mechanical       action, 

396. 

Uniclinal  curves,  195. 

Unio  ManUUii,  652. 

United  States  (see  America). 

Upheaval  of  land,  slow  move- 
ments of,  329. 

proofs  of,  330. 

UraUte.  74, 


Yallets,  origin  of,  443.  450. 
in  chalk  and  limestone 

districts,  457. 
Van  Diemen's  Land,  tessel- 

ated  pavement  in,  185. 
Vegetable  Kingdom,  table  of, 

Appendix  II. 
Veins,  minerals  in,  291. 
arrangement  of  miner- 

ahi  in,  295. 

intersection  of,  296. 

formation  of  mineral. 


370. 


mineral,     connection 
with  the  surface,  873. 

mineral,      successive 


formation  of,  373. 
Vein-quartz,  139. 

air  bubbles  in,  61. 

VermictUaria      BognorUnsis, 

676. 
Vertical    botanical ,  regions, 

479. 
Vesuvius.  353. 
ejected  block  in  old 

tuff"  of,  282. 
Volcanic  glass,  102. 

ash,  106. 

bombs,  106. 

agglomerate,  106, 119. 

conglomerate,  106, 119. 

breccia,  106,  119. 

grits,  128. 

Volcanic  action  in  Scotland 

occurred  along  the  valleys, 

287. 
no  proofs  of  diminution 

of  intensity  in,  287. 

uniformity  of,  289. 

metamorphi^  associ- 


ated with,  289. 

eventual  extinction  of 


all,  355. 

at  the  present  day,  744. 


Volcanic   rocks    of   Silurian 
period  in  Britain,  560. 

of   Devonian    age    in 

Britain,  565. 

of  Old  Red  Sandstone, 


575. 


i 
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Voleanic  rocks  of  Carbonifer^ 

cnu  system,  KO. 
"         uf  Pcnrian  agv.  610. 
■■-        Mincenr  S4cv,  Wl. 
in    MkNTcne  series  of 

BriUin,  ew. 
VoloaDora,  strartnrr  of,  S45. 

products  c»f,  S46. 

of    comnkon     origin, 


349. 


fXMnplcn  of.  351. 
M'tU'o,  duniuuit,  and 


(fxtimt,  351 
i:vo)!rKphiR 


dUtribu- 


tiiiD  of,  3M,  743. 
Val{iuift4>,  66. 
Vol%Ua  IdimbfrtI,  097. 

iMctatrir,  681. 

$nibrieit1n,  681. 

H'ttlunUii^  677. 


Wacvb,  115. 

Walni,  drnadatlon  of.  467. 

CaniMan  rocks  uf,  525. 


Wales,  Lower  Sllarian  rockj* 
of.  530. 

(Honth),  section  of  coal- 
field in,  576l 

Water  as  a  geologioal  agent, 
391. 

Water-oT- Ayr  stone,  an  altered 
shale.  Ml. 

Wealden  area,  lienndation  of, 
456. 

beds»65S. 

Weathering  of  crjmtals,  45. 

of  rutikH,  376. 

•^-^  influence  of,  npon 
mountain  outllues.  473. 

Wenlock  Bdge,  section  acroas, 
545. 

group,  548. 

Wemente,  VI. 

White  trap.  i60. 

Wilson,  Mr  J.  IL,  on  con- 
tortion, compression,  and 
fkolts.  358,  359. 

Witberite.  69. 

Wood  opal,  W. 


Wo»Mhopc  vaU*:X.  545. 

Ilmest^l1>r.  MS 

Woolwich  and  Readuij 
675. 


Talk   and  Bals   fui 

nott. 
Yellow   Riwr.  earth 

daily  into  th«  sta  l«i 
Y«»rtdal««  iRf  rifr.'s  '»-'Si 
Yorkshire  i.-c^l-uiirasui 
Oolites  uf.  «5rt. 


Zeolitui,  ;^,  86. 
Ziue.  mode  ofcrynsi 

of,  &*- 

Zinion.  SI. 

Zirkcl  on  hsftalt.  IM. 

mclaphyrtf,  114 

Zoitfltc.  SI 

Zone«i  ttt  t*rr:«tals.  "fi 

of  lilii  in  st-x  ■* 


THE    END. 


Prinitd  by  R.  Clark,  EtKmAurgk. 
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